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INTRODUCTION 


ANIMALS are not distributed at random over the surface of the 
earth. Each species is restricted in the extent of its distribution 
by the limits of its physiological tolerances to the physical and bi- 
ological factors of its environment. A species, however, rarely 
occurs everywhere within the geographical area fixed by these tol- 
erances. Every species is more or less restricted to certain habi- 
tats within its geographical range, though it may not live in all 
those habitats that appear to be similar. Each kind of animal evi- 
dently prefers a certain type of habitat to other types and conse- 
quently must have some means of selecting the one preferred. 
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The purpose of the investigation herein reported was to study 
and to measure some of the factors governing the selection of hab- 
itats by small mammals. The experimental animals, Peromyscus 
maniculatus gracilis, the forest deermouse, and P. m. bairdi, the 
prairie deermouse, were chosen for study because of their rather 
definite habitat restrictions in nature and because of their availabil- 
ity in the laboratory. The investigation was carried out under lab- 
oratory conditions in order to control more precisely the many fac- 
tors in the animals' environments. The approach was psycholog- 
ical in that 2 different habitats were presented to the mice for selec- 
tion in each experiment. 
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METHODS AND MATERIALS 


Description of the Reaction Room 


The experiments were conducted in the reaction room of the 
Laboratory of Vertebrate Biology. A sheet-metal partition 24 
inches high divided this room into 2 compartments, each 9 by 10 1/2 
feet. The room was nearly light tight and was painted a flat black 
on the inside. Air ducts leading into the room were equipped with 
light traps. Ventilation was provided by a fan which blew air into 
one end of the room through a duct near the ceiling. The air passed 
out through a similar duct at the other end of the room. The door 
was near one end of the room. 

The lights were connected with a control panel which was out- 
Side the room. An electric light socket on the ceiling over the 
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middle of each compartment was equipped to provide various low 
intensities of light by use of paper disks fastened below the bulb 
(Dice, 1945:386). Each central fixture in the 2 compartments was 
surrounded by a cluster of 3 light sockets. These 6 lights were 
wired through a time clock on the control panel. With this equip- 
ment alternating periods of bright light and of dim light or dark- 
ness could be produced in the room. 


Artificial Habitats 


In order to place the study of habitat selection on an experi- 
mental basis, standardized and to some extent simplified objects 
were provided to simulate the vegetational forms present in natural 
habitats. 

The principal features of the artificial forest or tree-trunk 
habitat (Pl. I, Fig. 1) comprised 9 sections of tree trunks with bark 
adhering. These trunks varied in height from 20 to 48 inches and in 
diameter from 2 to 10 inches. 

Artificial grass was made from stiff Manila folders. Each 
half of a folder (9 by 12 inches) was cut into strips about 3/8 inch 
wide for almost its whole length. The uncut part of each half folder, 
with the cut strips attached, was then rolled and fastened with 
Scotch tape, so that its base formed a short cylinder. The pointed 
end of a nail, driven completely through a lath, formed a support 
for the cylinder which was inserted over the nail. When the cylin- 
der was placed in an upright position on the lath, the free ends of 
the cut strips drooped over to resemble a tuft of grass. These 
tufts of artificial grass were placed at intervals along the lath, and 
the laths were placed in the compartment about 1 foot apart in par- 
allel formation. One open spot of a few square feet was left near 
the center of the compartment, as well as a path along 1 side. 
Otherwise, the tufts of artificial grass covered the floor of a com- 
partment to provide the artificial-grass habitat (Pl. I, Fig. 2). 

An intermediate type of habitat resembling a stylized form of 
shrubbery was provided by the "jungles" developed and described 
by Dice (1947:8). These were made of strips of wood, as shown in 
Plate Il, Figure 1. The jungles were spaced to cover most of the 
floor of a compartment, leaving aisles by which the compartment 
could be entered. 

White silica sand covered the floors of the compartments in 
all the experiments. Besides providing for the mice a more natural 
floor than the cement, it recorded their tracks and thus gave in- 
formation about their activity. 
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Methods of Measuring Habitat Selection 


Habitat selection by the mice of the 2 subspecies of Pero- 
myscus tested in the experiments was measured by (1) the aa 
of food eaten, (2) the amount of water consumed, (3) the number fe) 
revolutions made in the activity wheel, and (4) the total time spent 
in each of the 2 artificial habitats. A food dish, a water tube, awn 
nest box, and an activity wheel were placed in corresponding posi- 
tions in each compartment. 

A definite number of sunflower seeds was counted every day 
into each food dish. The mice sometimes removed many of these 
seeds and stored them under the sand. The number of seeds eaten 
was ascertained by counting the number of whole seeds in the dish, 
adding the number eaten as estimated from the empty shells, and 
then, if the original number was not accounted for, searching for 
those that were stored. Looking for the stored seeds was not en- 
tirely a random process since many mice preferred certain spots 
for storing, and buried seeds could often be detected by the dis- 
turbed and heaped-up sand. The error of this estimation for seeds 
eaten seldom exceeded 2 or 3 per cent. If, according to this esti- 
mate, too many seeds seemed to be missing, the data were discard- 
ed. By this method one could also ascertain if seeds were carried 
from one compartment to the other. Actual evidence for this was 
rarely obtained. 

Water tubes were made by sealing the open ends of ordinary 
culture tubes to openings of about 3 mm. in diameter. Each tube 
was held by a wire clamp and was hung on a rack with the open end 
down (Pl. II, Fig. 2). The amount of water consumed by each mouse 
each day could be determined by refilling the tube from a burette 
graduated to 0.2 ml. As thus measured, the amount of water con- 
sumed included evaporation from the tubes, which averaged about 
0.2 ml. per day. 

The activity wheels (Pl. I, Fig. 2) were adapted by Sumner 
(1932:91) from a design by Richter and Wang (1926). Each was con- 
structed of a plywood disk about 9 inches in diameter around which 
was fastened a piece of hardware cloth 4 3/4 inches wide. The 
wheel, which weighed approximately 350 gm., was mounted on a 
ball-bearing axle fastened to a standard and was equipped with a 
counter that recorded the number of revolutions. An opening through 
the standard led to the inside of the wheel. The number of revolu- 
tions made by the mouse was recorded each day, and the counter 
was then reset at zero, 

Haile made from aluminum saucepans 6 inches in 
inches deep (Dice, 1929:119). An entrance was 


No. 56 HABITAT SELECTION 4) 


cut from the side of a saucepan which was inverted over a piece of 
masonite. The box was then provided with a small amount of cotton 
for nesting material. 


Apparatus for Recording Time Spent in Each Compartment 


To allow the mice access to both compartments, a runway 
was built over the partition which divided the room. The base of 
the middle section of the runway consisted of a board that rested 
horizontally across the partition. At each end it was connected with 
the floor by a sloping board about 33 inches long. The sloping 
boards were covered with fine wire screen to make climbing easier 
for the mice. 

The horizontal part of the runway was enclosed by sheet- metal 
sides and a transparent celluloid top (Pl. I, Fig. 1). The latter was 
intended to prevent the runway from becoming a darkened retreat 
attractive to the mice. Each end of the enclosed part was surrounded 
by shields placed perpendicular to the entrance to prevent the mice 
from jumping to the partition of the room from the sloping part of 
the runway. 

The enclosed middle section of the runway contained the elec- 
trical contact mechanism (Fig. 1) which reported the movements of 
the mice in the runway to the recording apparatus outside the room. 

To travel from one compartment to the other a mouse was 
required to pass through 2 swinging screen doors which hung down 
into the passageway. When a door was pushed open, the arm of the 
door made a contact with a pliant brass strip and closed an electri- 
cal circuit to the recording apparatus. This circuit energized an 
electromagnet which attracted 1 end of the horizontal arm of the 
recording apparatus built on the plan of a kymograph penholder. 
The contact made by the doors may have been momentary, and the 
attracting force of the electromagnet may thus have been of short 
duration, but a locking device prevented the arm of the recording 
apparatus from bouncing. 

When the mouse again passed through the runway apparatus 
on its way to the other compartment, the door which last made con- 
tact was pushed open toward the center of the enclosed runway, and 
the electric circuit was not closed except perhaps momentarily as 
the door swung back into place. No change in record occurred, 
however, because the horizontal arm of the recording apparatus 
was already against the electromagnet controlled by this door. As 
the mouse proceeded on its way, it pushed open the door leading to 
the other compartment, thus closing the circuit to the corresponding 
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electromagnet, with the result that the horizontal arm of the re- 
cording apparatus changed its position, and the passage of the 
mouse was indicated. 

The lines drawn by the kymograph pen attached to the end of 
the horizontal arm of the recording apparatus were at either of 2 
horizontal levels. The upper position indicated that the mouse was 
in the north compartment, while the lower position indicated that 
the mouse was in the south compartment. The length of the line at 
either position, therefore, indicated the amount of time the mouse 
had spent in the corresponding compartment. As already explained, 
the position of the pen did not change until the mouse had crossed 
the runway and had opened the door to the compartment he was en- 
tering. If he came to the middle of the runway and then turned 
back, no change was made in the position of the recording pen. 

The curved wooden blocks (Fig. 1) at each end of the horizon- 
tal runway forced the mouse to open the doors wide in order to 
pass through, and they thus insured a good electrical contact be- 
tween the arm of the door and the brass strip. 

The kymograph was driven by a synchronous electric motor, 
and its speed was reduced by 2 reducing gears to a rate which 
varied in the several experiments between 1 and 2 mm. per minute. 
The motor was started and stopped by an electric time clock which 
was adjusted to synchronize with the 12-hour night period in the 
reaction room. 


Experimental Procedure 


Insofar as possible, a definite procedure was followed in 
carrying out the experiments. Occasionally, events prevented 
strict adherence to this procedure, but deviations were allowed 
only if they seemed to be of little importance. 

Conditions in the 2 compartments were kept as nearly equal 
as possible except for the habitat factor which was being tested. 
Essentially the same arrangement and distribution of the tufts of 
artificial grass and of the units of jungle were retained in all the 
experiments. For Experiment VII and subsequent experiments the 
distribution of the tree trunks was changed somewhat to a more reg- 
ular pattern than that used in the earlier experiments. 

Almost all of the mice were given a training period in order 
to acquaint them with the swinging doors and the activity wheels. 
The training periods were usually of 4 days' duration and always 
immediately preceded the testing period. Whether or not this 
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training period increased the efficiency of the experiments is not 
known. 

Training was accomplished in 2 ordinary laboratory cages 
connected by a runway which contained a swinging door like those 
in the experimental apparatus. One cage was provided with nesting 
material and water and the other with food and an activity wheel. 
This arrangement compelled the mice to pass through the runway 
to get the necessary food and water and a hiding place. 

The first introduction of each mouse to the experimental 
situation was made by means of an introduction box (Pl. I, Fig. 1). 
This box was completely enclosed and admitted light only through 
a small screen door 2 by 2 1/2 inches. The door was hinged at its 
top and was so constructed that it could be pushed open from the 
inside but not from the outside. The box was placed on the partition 
of the reaction room and was connected with the side door of the 
runway apparatus by means of a screen-wire runway. After the 
first night of each mouse's test period, the introduction box was re- 
moved from the room. 

Each mouse was tested for 4 consecutive nights. Records of 
the several measurements of habitat selection were taken daily in 
the early afternoon. This required the investigator to be present in 
the room for a half-hour to an hour. In general, the mice were not 
active during the daylight period unless disturbed by the record 
taking. The disturbance caused by record taking and by changing 
used nest boxes sometimes caused a mouse to run from compart- 
ment to compartment. A disturbed mouse was always allowed to 
remain wherever it was when the investigator left the room. There 
is no evidence that this disturbance had an effect on habitat selec- 
tion in the experiments. 

After each mouse was tested, the sand on the floor of the com- 
partments was mixed and smoothed with a brush, and the activity 
wheels, nest boxes, food dishes, and water tubes and racks were 
washed in water. Between experiments the sand was sifted to re- 
move mouse droppings and other debris. A clean nest box was sub- 
stituted each day for the one used by the mouse, and the activity 
wheels were interchanged daily so that a particular wheel was 
placed in each compartment on alternate nights. Artificial habitats 
were changed from one compartment to the other at least once dur- 
ing each experiment following Experiment III. The significance of 
these procedures will be discussed below. . 

AV een eee! werent ve as possible , the time 

SA Beri poms eee ae ean ely a 12-hour period of bright light 

Ee igs p im ig t or darkness. Two 200-watt bulbs 
partment supplied illumination during the period of 
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bright light, which lasted approximately from 7:00 A.M. to 7:00 P.M. 
Dim light, when provided during the "night,"' was given by a 7-watt 
frosted bulb in the central light fixture of each compartment. A sin- 
gle sheet of typewriter paper covered the opening of each fixture. 
The illumination thus provided approximated 0.01 foot-candle when 
read on the floor directly beneath the light. This illumination is of 
about half the intensity of the light given by the zenithal full moon 
(Smithsonian Instit., 1918:218). The values varied somewhat from 
this figure, depending on the age of the bulbs and the voltage of the 
current. The light intensities were measured with a Weston Illu- 
mination Meter, Model 603, in the manner described by Dice (1945). 

Occasionally one of the electric-light bulbs in the room 
burned out during an experiment. A single 200-watt bulb was dis- 
covered to be out on 9 different days during the experiments. The 
records show that this possibly caused an effect in the case of only 
2 of 9 mice involved, both in Experiment V. Seven-watt bulbs 
burned out twice in the experiments, apparently without causing any 
effect on the reaction of the mice to the artificial habitats. 

For habitat selection to occur in these experiments, it was 
necessary that the animal be acquainted with the alternatives to be 
selected. Almost all of the mice entered both compartments during 
the first night of their tests. If a particular mouse did not do this, 
a basis for habitat selection did not exist, and the data secured 
from that mouse were not used. Mice that did not enter both com- 
partments during the first night of testing were not used again in 
any experiment. 


Experimental Animals 


Peromyscus maniculatus, the species studied in these exper- 
iments, ranges over most of North America from the limits of tree 
growth in Canada southward into southern Mexico and from the 
Atlantic to the Pacific Coast (Osgood, 1909). Subspecies of P. 
maniculatus live in many habitats within this range. The races 
gracilis and bairdi are excellent experimental animals for a study 
of habitat selection, since they show contrasting habitat preferences. 

P. m. bairdi, the prairie deermouse, inhabits prairies, open 
fields, and lake beaches, as numerous ecological surveys have es- 
tablished (Wood, 1910; Dice, 1925). It is closely limited to open 
habitats and is rarely caught in woodland or in brushland (Wood, 
1910; Blair, 1940). By extensive trapping in cultivated fields in 
central Missouri, I found that the catch of prairie deermice dimin- 
ished to zero as the trap lines approached woody or brushy field 
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borders. Yet this subspecies’has been known to live in fields sur- 
rounded by woods, where it must presumably have passed through 
the woods in its dispersal movements (Howard, 1949). 

The typical habitat of P. m. gracilis is the northeastern hard- 
wood forest (Hooper, 1942), but it is also found in shrubby areas 
(Dice and Sherman, 1922) and in forest plantations where the trees 
are widely spaced and only a few feet tall (unpublished records of 
the author). It is thus apparently somewhat less strictly limited to 
the forest habitat than is the prairie deermouse to open fields. 

As a consequence of deforestation and land cultivation, the 
prairie deermouse has extended its range eastward and northeast- 
ward (Hooper, 1942). It has thereby come into contact at some 
places with the forest deermouse. Both races occurred in one part 
of Charlevoix County, Michigan, without any evidence of intergrada- 
tion (Dice, 1931a). In the laboratory, however, they will interbreed, 
and their F, hybrids of both sexes are fertile (Dice, 1933). 

The mice used in these experiments were taken from the 
stocks of the Laboratory of Vertebrate Biology. In the laboratory 
they were given the same care received by all the mice (Dice, 
1929). The P. m. bairdi stock, called Washtenaw in the laboratory 
records, was reared from individuals caught in fields about 3 miles 
west of the University. Some of the original field-caught individuals 
were tested in the first 3 experiments, but laboratory-born stock 
was employed in the remaining experiments. The field-caught P.m. 
gracilis specimens were obtained from a wooded area 1 mile east 
of Munising, Michigan. These are recorded as the Cusino stock in 
the laboratory but were later added to the Pine Lake stock of grac- 
ilis. The Pine Lake stock was reared from mice obtained in 1940 
from the Cusino Wildlife Refuge, Munising, Michigan. 

Although it was not possible to select mice of exactly the 
same age, only sexually mature and apparently normal individuals 
were.used. Among the laboratory-bred mice the oldest mouse 
tested was 84 weeks of age and the youngest was 22 weeks old. 

Most were between 7 and 19 months. The ages of the field-caught 
individuals used in part of the first 3 experiments were, of course, 
unknown. 


STATISTICAL ANALYSIS 


The time required to test each mouse limited the number of 
mice that could be tested in a single experiment. Approximately 8 
individuals of each race were tested in every experiment except 
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those in which a clear-cut difference in artificial-habitat selection 
was apparent with fewer individuals. 

The data are analyzed statistically by 2 methods. (1) Anal- 
ysis of variance which employs the F test of significance (Snedecor, 
1946:218) was used to evaluate the data for habitat selection as 
measured by the numbers of turns of the activity wheels, numbers 
of seeds eaten, and amounts of water consumed. (2) Comparison 
of means by the t test of significance (Snedecor, 1946:42) was em- 
ployed to analyze the measurement of time spent in the artificial 
habitats . 


Analysis of Variance 


For the analysis of variance the data for each measurement 
were fitted to a 2 by 4 by n table which permitted comparison with 
the experimental error (F) of variations between the 2 habitats, of 
variations among the 4 days for the same mouse, and of variations 
among n mice. The significance of interactions between any 2 of 
these variations was also computed in the analysis. Whenever these 
interactions were not statistically significant, they were combined 
with the experimental error. The new F values derived are pre- 
sented in the tables. Interactions between individual mice and days 
and between habitats and days were often combined with experimen- 
tal error in the calculations. 

It has already been explained that the count of seeds eaten 
_ was a close estimate and not a precise count. Estimated data may 
be analyzed statistically in the same way as exact data if the meth- 
od of estimation does not bias the collection of the data. The re- 
sults of statistical analysis for estimated data are no more accu- 
rate than the data. 

Certain special cases pertaining to the calculation of the data 
by analysis of variance should be mentioned. A male P. m. bairdi 
was accidentally killed on the third day of observation in Experi- 
ment IV. The records for the fourth night were estimated by the 
formula for estimation of missing values. Another special case 
concerns the recording of certain data when observations were not 
made on 1 day. The amount of water supplied the mice in each 
habitat and the possible number of revolutions which could be re- 
corded on the counter of an activity wheel were large enough not to 
be exceeded by the amount of water used or the number of turns on 
the wheel made by a mouse during a 2-day period. Rather than 
omit the data and replace it by estimation, readings were divided 
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equally between those 2 days.~ This was done for 1 mouse in each 

of the following cases: bairdi, Experiment IV, wheel and water, 
second and third days; gracilis, Experiment VI, water, third and 
fourth days; and bairdi, Experiment VI, water, third and fourth days. 

Items of data were occasionally not recorded because of over- 
sight or conditions which prevented their being obtained. In order 
to use analysis of variance in a 3-way table, it is necessary to sup- 
ply the missing table entries. A theory for the estimation of miss- 
ing data has been developed (Goulden, 1939:261; Cochran and Cox, 
1950:72), but the particular application needed here was not readily 
available. According to this theory, estimates are derived which 
minimize the error sum of squares. One degree of freedom is sub- 
tracted from the degrees of freedom associated with the error sum 
of squares for each estimated missing value. Dr. C. C. Craig sup- 
plied the specific formula used in these calculations. Since a de- 
scription of this formula (Harris, 1950) is rather involved and ap- 
plies only to the specific experimental design used here, it will not 
be repeated. 

The data for numbers of seeds eaten and the amount of water 
consumed by males and females in each experiment were studied 
by analysis of variance to determine if a sexual difference in habi- 
tat selection occurred. The calculations were made separately for 
each of the 2 subspecies of Peromyscus. The daily records for 
each mouse in each artificial habitat were added, and the resulting 
values for one artificial habitat were subtracted from the corre- 
sponding values for the other artificial habitat. Thus, the reaction 
of each mouse to the 2 habitats was represented by a single value 
which was the difference between the 2 values for the 2 habitats in 
each experiment. The single values for male individuals in an ex- 
periment were then compared with the single values for the females 
by obtaining the ratio of variation between sexes to variation within 
sexes. 


Comparison of Means 


In the data for the amount of time spent in each of the 2 habi- 
tats, more than 5 missing table entries (a number arbitrarily cho- 
sen) sometimes occurred because of failure of the apparatus. As 
the number of missing values that must be supplied increases, the 
precision of the analysis of variance decreases. Another method 
of analysis, therefore, was advisable for the measure of time. 

The number of minutes spent by a mouse in one habitat was 
directly related to the number of minutes spent in the other habitat. 
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Thus, the method used here is adapted to small samples in which 
values are paired and correlated (Smith and Duncan, 1945:403). 
The number of minutes spent each night by the mice in one habitat 
was subtracted from the number of minutes spent in the other habi- 
tat, and at test of the difference of the subtracted values from zero 
was obtained. If there were no difference between the times spent 
by the mice in the 2 habitats, the total of the subtracted values 
would equal zero. It is to be noted that variation among daily rec- 
ords of each mouse was lost in this method of analysis. Each daily 
record was treated as though it were obtained from a different 
mouse. By eliminating variation among daily records of each 
mouse, this method of analysis becomes less precise than the meth- 
od employed for the other measurements of habitat selection. 

The correction of certain inaccuracies in the time record 
should be noted since they involve the data which are treated sta- 
tistically. The period during which each nightly record was taken 
was regulated by time clock, andthe lengths of the lines produced 
on the kymograph paper during these periods should always have 
been the same. Actually, they varied by several millimeters from 
day to day. This variation was eliminated by converting the time 
record from millimeters to minutes, the length of each day's line 
forming the basis of the conversion factor for that day. In this way 
the proportion of time spent by a mouse in each habitat and the total 
amount of time recorded each day were retained. 

From the description of the runway apparatus it is evident 
that in certain circumstances an exact record of the time spent by 
a mouse in each habitat may not have been obtained. A mouse, 
after being in 1 habitat, could return to the center of the runway 
apparatus between the doors and remain there while still being 
recorded as present in the habitat which it had just left. This 
could also occur at the beginning and end of the mouse's activity 
periods during each night. These possible errors are assumed to 
be randomized between habitats and among the mice in each exper- 
iment. 

When a mouse was released into the introduction box at the 
beginning of its 4-day testing period, the horizontal arm of the 
recording apparatus was placed halfway between the magnets. If 
the mouse did not become active until after the kymograph began 
to operate, a known period of time occurred during which the mouse 
was in neither artificial habitat. Similar periods of time could 
occur at the beginning and end of each of the other 3 nights as de- 
scribed in the preceding paragraph, but their occurrence and 
length were unknown. To omit the known period during which the 
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mouse was inactive would again introduce a variation in the time 
record. For this reason the known period of time during which the 
mouse was in neither habitat at the beginning of the first night was 
divided between the habitats in the same proportion that occurred 
for the active part of the night. 


DESCRIPTIONS AND RESULTS OF THE EXPERIMENTS 


Descriptions of the precise conditions for each experiment, 
together with the results, are given here. The term "'significant"' 
in this section refers to significance in the statistical sense. The 
initials ''d.f." signify degrees of freedom. The original data of 
these experiments and the tables recording-the complete analyses 
of variance are given in the microfilm publication (Harris, 1950). 


Experiment I 


The reactions of the 2 subspecies of deermice, Peromyscus 
maniculatus gracilis and P. m. bairdi, to the tree-trunk and to the 
artificial-grass habitats were tested in this experiment. Card- 
board disks were fastened to the tops of the tree trunks to produce 
shade simulating that caused by the foliage of natural trees. The 
tufts of artificial grass, 142 in number, were spaced 5 inches 
apart on the laths. Dim lights (approximately 0.01 foot-candles) 
produced illumination during the night period. A Petri dish con- 
taining 40 sunflower seeds was placed in each compartment. The 
artificial habitats were not changed from one compartment to the 
other during the experiment. Since guards were not present around 
the entrance to the horizontal section of the runway, it was possible 
for mice to go from compartment to compartment without passing 
through the section of the runway carrying the contact mechanism. 
A few gracilis did jump from the slanting part of the runway to the 
divisional wall and from there climbed to various nooks and cran- 
nies above the floor of the room. 

Six male and 2 female bairdi and 4 male and 4 female gracilis 
were tested. All except 1 male bairdi and 2 male gracilis were 
field caught. 

The F values computed by analysis of variance for 3 of the 4 
measurements of habitat selection in this experiment are given in 
Table I. Total values for all 4 measurements are found in Table II. 
The difference between the mean times spent in the 2 artificial 
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TABLE I 


F Values for 3 Measurements of Habitat Selection by Peromyscus maniculatus 
gracilis and P. m. bairdi in Experiment I, 


Numbers of Revo- 
lutions Made in 
Activity Wheels 


Numbers of Seeds 
Eaten 


Milliliters of 
Water Consumed 


Source of 
Variation 


bairdi 


Among individuals 7.05** 3.08* 0.69 
(7343) (7343) (7343) 
Between habitats 1.38 138.27** 0.17 
(1;43) (1343) (1;43) 
Among days .... 3.15* 0.88 2.15 
(3;43) (3;43) (3;43) 


Interaction: habi- 
tats x individuals 


10.31** 
(7;43) 


14.38** 
(7343) 


*Value is significant at the 5 per cent level. 
**Value is significant at the 1 per cent level. 
fn, degrees of freedom; np degrees of freedom. 


TABLE II 


Summary of Selection by Peromyscus maniculatus gracilis and P. m. bairdi Be- 
tween Tree-trunk and Artificial-grass Habitats in Experiment I. Values are 
estimated for 11 items of missing data. 


8 bairdi 


Grass 


Presence in habitat 


Total minutes ....| 1135377 9146+ 

Pertcent- +4: 07-6...» 55.27 62.27 
Activity wheels 

Total turns.....,./1067017 103281 65822 

Percents ae snes 78.57 61.1 38.9 
Seeds eaten 

Total seeds...... 558 tT 

Per cent........ 62.0TT 
Water consumed 

Soee 


POUANOLs areiitey eens 


Per CENT. oss es 


+ Represents a value significant at the 5 per cent level. 
+t Represents a value significant at the 1 per cent level. 
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habitats by gracilis is significant at the 1 per cent level (t = 11.00 
with 27 d.f.), and by bairdi is significant at the 5 per cent level 
(t = 2.53 with 19 d.f.). 

P. m. gracilis scored higher total values in the tree-trunk 
habitat than in the artificial-grass habitat in all 4 measurements 
of habitat selection. The tendency of gracilis to select the tree- 
trunk habitat is indicated by the significant difference between the 
2 habitat means in each of 3 measurements: time, activity wheel, 
and water. 

For bairdi, higher total values were obtained in the artificial- 
grass habitat than in the tree-trunk habitat in 2 of the 4 measure- 
ments of habitat selection. Significant differences between habitat 
means in these 2 measurements — time and seeds — show a tend- 
ency for bairdi to prefer the artificial-grass habitat. 

In Experiment I, however, 2 variables were present: (1) Arti- 
ficial habitats composed of tree trunks and of artificial grass pre- 
sented vegetational differences. (2) The intensity of light differed 
on the floors of the compartments beneath the 2 artificial types of 
vegetation. This was true because the cardboard disks on the tree 
trunks produced more shade than the narrow strips of paper form- 
ing the artificial grass, so that, in general, the floor of the tree- 
trunk compartment was darker than that of the artificial-grass com- 
partment. 


Experiments II and III 


Experiments II and III were designed to determine if light 
intensity affected artificial-habitat selection. The artificial habi- 
tats in these 2 experiments were the same as those in Experiment 
I. In Experiment II the intensity of the night light in the artificial- 
grass compartment was lowered from approximately 0.01 foot- 
candle to 0.0042 foot-candle by placing 4 sheets of typewriter paper 
over the opening of the central light fixture. Two male and 1 female 
gracilis and 3 male bairdi were tested. All had been previously 
used in Experiment I. 

In Experiment III the night light in the tree-trunk compart- 
ment was reduced to 0.0038 foot-candle by 4 sheets of typewriter 
paper. A burlap curtain was dropped above the partition to further 
differentiate the intensities of light on the floors of the 2 compart- 
ments. It should be mentioned that the curtain interfered with air 
circulation and produced a difference in temperature of as much as 
89° F, between the 2 compartments, the tree-trunk compartment 
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being the cooler. Three male gracilis and 3 male bairdi were 
tested. All except 1 male bairdi had previously been used in Ex- 
periments I or II or in both. 

The data from these experiments were not treated statisti- 
cally. In spite of the few mice tested, the gross results seem to 
indicate that light intensity may have been a factor influencing se- 
lection of the artificial habitats. The preference for the artificial- 
grass habitat shown by bairdi appeared to be strengthened, as com- 
pared with Experiment I, when the light intensity in the artificial- 
grass compartment was reduced, and was weakened when the light 
intensity of the tree-trunk compartment was reduced. A prefer- 
ence for the artificial-grass habitat was indicated by gracilis in 
the measurements of total time and activity-wheel turns when the 
light intensity was reduced in the artificial-grass compartment, 
and a weaker selection of the tree-trunk habitat was indicated by 
the measurements of seeds eaten and water drunk. The preference 
for tree trunks exhibited by gracilis seemed to be strengthened 
somewhat when the light intensity in the tree-trunk compartment 
was reduced. 


Experiment IV 


Light intensity on the floor beneath the artificial vegetation 
proved very difficult to measure precisely, and no adequate control 
of it could be devised. This factor was eliminated in Experiment 
IV by using no lights at all during the night period. 

Since the cardboard disks now served no function, they were 
removed from the tree trunks. Tree-trunk and artificial-grass 
habitats were arranged as in the preceding experiments, and each 
was changed once from one compartment to the other during the 
experiment. Four male and 3 female gracilis and 3 male and 4 fe- 
male bairdi were tested. All of these mice were laboratory bred 
and none had been previously tested. 

The F values obtained from the analysis of variance of 3 
measurements of habitat selection in Experiment IV are given in 
Table III. The totals of values obtained in all the measurements 
are recorded by habitat in Table IV. No significant difference oc- 
curred between the mean times spent by gracilis in the 2 artificial 
habitats (t = 0.68 with 20 d.f.). More time was spent by bairdi in 
the artificial-grass habitat, and the difference between mean times 
was Significant at the 1 per cent level (t = 9.65 with 20 d.f.). 

Values obtained in the tree-trunk habitat for gracilis were 
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TABLE III 


F Values for 3 Measurements of Habitat Selection by Peromyscus maniculatus 
gracilis and P. m. bairdi in Experiment IV. 


Numbers of Revo- 
lutions Made in 
Activity Wheels 


rac [ bai gractie [ bairei | eaci 


Milliliters of 
Water Consumed 


Numbers of Seeds 


Source of Eaten 


Variation 


bairdi 


Among individuals} 11.49** 10.73** 1.19 1.45 0.55 5.05** 
(6;39)t (6;20) (6;39) (5;28) (6;39) (6;39) 
Between habitats 5.79* 25.70** 64.97** | 188.36** | 122.00** 
(1;20) (1;39) (1328) (1339) (1;39) 
Among days .... 3.68* 0.16 0.09 0.30 0.61 
(3;20) (3;39) (3528) (3339) (3339) 
Interaction: habi- : 
tats x individuals 5.86** 4.68** 4.59** 5.64** 6.52** 
(6;20) (5328) (6;39) (6339) 


Interaction: days 


x individuals .. 2.33* 


(18320) 


*Value is significant at the 5 per cent level. 
**Value is significant at the 1 per cent level. 
fn, d.f.; n, df. 


TABLE IV 


Summary of Selection by Peromyscus maniculatus gracilis and P.m. bairdi Between 
Tree-trunk and Artificial-grass Habitats in Experiment IV. Values are estimated 
for 6 items of missing data. 


Presence in habitat 


Total minutes .. 13510}} 

Percent. se + s.< 85.9TT 
Activity wheels 

Total turnsie. sss ss 10936+ 74234} 

Percents). siete 65.0F 66.57 
Seeds eaten 

Total seeds 764++ 686TT 

Percents vests et 65.1}+ 77.5TT 
Water consumed 

Totalimls hiranis 86.6} + 82.0t7 

Percent We, errr 75.8tt TT.5tt 


t Represents a value significant at the 5 per cent level. 
ttRepresents a value significant at the 1 per cent level. 
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greater than those obtained in the artificial-grass habitat, and the 
differences between mean values in the 2 habitats were Significant 
in 3 measurements: wheel turns, seeds, and water. This indicates 
a preference for the tree-trunk habitat by gracilis. For bairdi dif- 
ferences between mean values in the 2 artificial habitats were sig- 
nificant in all 4 measurements. The greater of each pair of mean 
values was obtained in the artificial-grass habitat for each meas- 
urement, revealing the selection of that habitat by bairdi. 


Experiment V 


Habitat selection might theoretically occur either as a posi- 
tive reaction toward certain features of the habitat selected or as 
a negative reaction against certain features of the habitat avoided. 
To gain information about these possibilities, in Experiment V the 
mice were offered habitats differing in only 1 feature of artificial 
vegetation. The tree-trunk habitat contained artificial grass in ad- 
dition to the tree trunks, and it was contrasted with a habitat in 
which only artificial grass was present. 

The arrangement of the tufts of artificial grass was closely 
Similar in the 2 habitats; 98 tufts were used in the tree-trunk habi- 
tat and 102 tufts in the artificial-grass habitat. The tufts were 
spaced at 7-inch intervals on the laths in both compartments. Arti- 
ficial habitats were changed from one compartment to the other 
once during the experiment. Dim lights were used during the night 
period since the intensity of light reaching the floor was nearly 
equal in the 2 compartments, differing only in the shadows cast by 
the tree trunks. Finger bowls for the sunflower seeds replaced 
the Petri dishes of previous experiments. Three male and 5 female 
gracilis and 4 male and 5 female bairdi were tested. None of these 
individuals had been tested in previous experiments. 

In Tables V and VI, respectively, are found the F values for 
3 measurements of artificial-habitat selection and the total values 
obtained for all measurements. The difference between mean 
times spent by gracilis in the 2 artificial habitats was significant 
at the 1 per cent level (t = 2.96 with 29 d.f.). There was no signif- 
icant difference in the mean times spent by bairdi in the 2 habitats 
(t = 0.88 with 23 d.f.). 

The tree-trunk and artificial-grass habitat was selected by 
gracilis in this experiment, as evidenced by the mean values which 
were higher in this habitat than in the artificial-grass habitat for 
all 4 measurements of habitat selection. The differences between 
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TABLE V 


F Values for 3 Measurements of Habitat Selection by Peromyscus maniculatus 
gracilis and P. m. bairdi in Experiment V. 


Numbers of Revo- 
lutions Made in 
Activity Wheels 


Pesce [ titra [aa [ eri 


16.77** 0.59 0.71 


Milliliters of 
Water Consumed 


Numbers of Seeds 


Source of Eaten 


Variation 


bairdi 


Among individuals 


(75;21)t (7345) (7345) (8;51) 
Between habitats 0.10 18.51** 15.74** Sed 
(1;21) (1;45) (1;45) (1;51) 
Among days ....| 2.00 0.06 1.23 1.06 
(3;21) (3345) (3545) (3551) 
Interaction: habi- 
tats x individuals} 6.43** By Ptah 2.71* 71.67** 
(7;21) (7;45) (7;45) (8;51) 


Interaction: days 
x individuals...| 2.36* 


(21321) 


Interaction: habi- 
tats x days ....| 3.56* 


(3;21) 


*Value is significant at the 5 per cent level. 
**Value is significant at the 1 per cent level. 
Tn, d.f.; Ny Cats 


TABLE VI 


Summary of Selection by Peromyscus maniculatus gracilis and P. m. bairdi Between 
the Tree-trunk with Artificial-grass Habitat and the Artificial-grass Habitat in Ex- 
periment V. 


8 gracilis 


Tree + 
Grass 


9 bairdi 


Presence in habitat 


Total minutes .... 12493 

POEriCent wie et che ane 55.6 
Activity wheels 

Total turns...... 198212+ 

Percent) ates. ate 66.7} 
Seeds eaten 

Ota seeds ... a. 642+ 

Berrcenta tiers iauake 59.47 
Water consumed 

Votal mis aecare ees 53.2 

Per'centaciwie ce 55.6 


t Represents a value significant at the 5 per cent level. 
tt Represents a value Significant at the 1 per cent level. 
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mean values in the 2 habitats were significant at the 1 per cent 
level for 3 of the 4 measurements of habitat selection: time, seeds, 
and water. 

No significant selection was made by bairdi for either of the 
2 artificial habitats. Although the mean values obtained in the 
artificial-grass habitat were higher than those obtained in the tree- 
trunk and artificial-grass habitat, their differences were signifi- 
cant at the 5 per cent level for only 2 measurements: wheel turns 
and seeds. A considerable number of seeds in addition to those 
eaten was removed from the food dish and stored by the individ- 
uals of bairdi tested, and the mean values of seeds removed in the 
2 habitats were not significantly different. 


Experiment VI 


In Experiment VI a jungle in one compartment opposed arti- 
ficial grass in the other compartment. The jungle was arranged to 
cover the floor space almost completely, except for an aisle along 
1 side of the compartment. The artificial-grass habitat remained 
as in previous experiments. No lights were used in the night pe- 
riod. During the experiment the artificial habitats were changed 
once from one compartment to the other. Five male and 3 female 
gracilis and 5 male and 3 female bairdi were tested. One female 
gracilis had been previously tested in Experiment V. 

Aside from the form of the artificial vegetation, the tree- 
trunk habitat presented in these experiments 2 additional features 
that might be important in artificial-habitat selection. The floor 
of the tree-trunk compartment, as in Experiment IV, had little 
cover for the mice in comparison with that of the artificial-grass 
compartment. Also, the tree trunks themselves afforded an oppor- 
tunity for gracilis to climb about, as it probably does in nature. 
These 2 features, in the absence of tree trunks, were presented by 
the jungle which, in a highly stereotyped manner, simulated a 
brushy habitat. 

Table VII presents the F values obtained in the statistical 
analysis of 3 measurements of artificial-habitat selection. The 
total values for all 4 measurements are given in Table VIII. There 
was no significant difference between mean times spent by gracilis 
in the 2 artificial habitats (t = 0.39 with 30 d.f.). The mean time 
spent by bairdi in the artificial-grass habitat was significantly 
greater at the 1 per cent level (t = 3.31 with 30 d.f.) than that spent 
in the jungle habitat. 
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TABLE VII 


F Values for 3 Measurements of Habitat Selection by Peromyscus maniculatus 
gracilis and P. m. bairdi in Experiment VI. 


Numbers of Revo- 
lutions Made in 
Activity Wheels 


Milliliters of 
Water Consumed 


Numbers of Seeds 


Source of Baten 


Variation 


bairdi 


Among individuals 1.65 4.45** 1.10 
(7;43) (7;40) (7;45) 
Between habitats 17.36** 16.07** 10.74** 
(1;43) (1;40) (1345) 
Among days .... 1.01 0.62 1,50 
(3,43) (3,40) (3;45) 
Interaction: habi- 
tats x individuals Uy ts 7.04** 4.76** 
(7343) (7340) (7545) 


*Value is significant at the 5 per cent level. 
**Value is significant at the 1 per cent level. 
fn, d.f.; n, df. 


TABLE VIII 


Summary of Selection by Peromyscus maniculatus gracilis and P. m. bairdi Between 
Jungle and Artificial-grass habitats in Experiment VI. Values are estimated for 


9 items of missing data. 


Grass 


Presence in habitat 


Total minutes .... 148747} 

PORICENE ccve «ice 64.1¢7 
Activity wheels 

Total. turns 23)... 79047 

Per’Centrn sts. s «6 55.6 
Seeds eaten 

Total seeds ..... 606tt 

Per cents amen. 65.27 ¢ 
Water consumed 

ORAL Ol nis atte re 52.0TT 

Par Cen tiixiaccskeacus 59.87 


tt Represents a value significant at the 1 per cent level. 


: 
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In this experiment no definite preference was shown by 
gracilis for either artificial habitat. Higher mean values were ob- 
tained in the jungle habitat than in the artificial grass for 3 meas- 
urements: wheel turns, seeds, and water. The differences be- 
tween mean values in the 2 habitats were significant only for seeds 
eaten. 

On the other hand, bairdi showed a preference for the 
artificial-grass habitat. This preference was manifested by higher 
mean values in the artificial-grass than in the jungle habitat for all 
4 measurements. The differences between mean values of the 2 
habitats were significant at the 1 per cent level for 3 of the meas- 
urements: time, seeds, and water. 


Experiments VII and IX 


As a crucial test for the positive selection of tree trunks by 
gracilis, tree trunks were contrasted with jungle as the artificial 
habitats used in Experiment VII. The tree trunks and jungle were 
arranged in the 2 compartments as in previous experiments. No 
lights were used during the night period. In this and the following 
experiments 45 sunflower seeds were placed daily in each food 
dish. The habitats were changed from compartment to compartment 
after each 2 mice were tested. Four male and 4 female gracilis 
were used; of these, 2 males and 2 females had been tested in pre- 
vious experiments. 

Experiment [IX repeated Experiment VII, testing 3 male and 
3 female gracilis, all but one of which were individuals not tested in 
Experiment VII. In Experiment IX the ventilating fan at one end 
of the room was turned off. Heat was provided by an electric 
heater with a circulating fan which was placed over one end of the 
partition. An electric fan was placed on the other end of the parti- 
tion to aid in the circulation of warm air. The air currents pro- 
duced by the fans caused no movement of the artificial grass. 

The results of statistical analysis of 3 measurements of habi- 
tat selection in Experiments VII and [IX are given as F values in 
Table IX. In Table X are recorded by habitat the total values of 
all 4 measurements in the 2 experiments. Differences between 
mean times spent by gracilis in the 2 artificial habitats were not 
significant in either experiment (t = 1.00 with 31 d.f. for Experi- 
ment VII and t = 0.91 with 21 d.f. for Experiment IX). 

In Experiment VII a tendency was shown by gracilis to 
choose the jungle habitat in preference to the tree-trunk habitat. 
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TABLE IX 


F Values for 3 Measurements of Habitat Selection by Peromyscus maniculatus 
gracilis in Experiment VII and in Experiment IX. 


Numbers of Revo- Milliliters of 


Numbers of Seeds 


Source of lutions Made in aten Water Consumed 
Variation Activity Wheels 
vil 
Among individuals| 12.23** 1.74 1.82 1.17 3.59* 
(7;20)7 (7;45) (5333) 
Between habitats 8,23** 14.89** 1.16 12.81** 0,03 
(1.20) (1;45) (1;33) 
Among days ....| 0.63 0.21 0.21 
(3;20) (3;45) (3333) 
Interaction: habi- 
tats x individuals 5.46** 10.27** 4,44** 
(7;20) (7345) (5;33) 


Interaction: days 
x individuals... 


3.57** 
(21;20) 


*Value is significant at the 5 per cent level. 
**Value is significant at the 1 per cent level. 
f n, def.; n, def. 


TABLE X 


Summary of Selection Between Jungle and Tree-trunk Habitats by 8 Peromyscus 
maniculatus gracilis in Experiment VII and by 6 P. m. gracilis in Experiment IX. 
Values are estimated for 4 items of missing data in each experiment, 


Experiment VII Experiment IX 


Presence in habitat 


Total minutes .... 7627 

Percents. «<. cae 46.3 
Activity wheels 

Total turns. /... .| 3169677 32496 

Per centeauiaaek 68.67T 51.7 
Seeds eaten 

Total seeds...... 458 

Per. COMt. sos nes 4) cic 53.3 
Water consumed 

Totem eee ee 47.8 

POL GON sets sts st 49.6 


tf Represents a value significant at the 1 per cent level. 
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The mean values obtained in the jungle habitat were higher than 
those obtained in the tree-trunk habitat for 3 measurements, and 
the differences between mean values of the 2 habitats were signif - 
icant at the 1 per cent level for 2 measurements, seeds and water. 
For the fourth measurement, wheel turns, the higher value of the 
2 occurred in the tree-trunk habitat, and the difference between 
means was significant at the 1 per cent level. In Experiment IX, 
however, with somewhat different but more equal experimental 
conditions, no significant selection was exhibited by gracilis. The 
total values in the 2 habitats for each measurement were close to 
equality, and the higher of the 2 habitat values occurred in the 
tree-trunk habitat for 2 measurements and in the jungle for the 
other 2 measurements. 


Experiment VIII 


It is evident from Experiment IV, in which no lights were 
present during the night period, that habitat selection by gracilis 
and by bairdi occurs in the absence of visual stimuli. Experiment 
VIII was designed to test the hypothesis that perception of the arti- 
ficial habitat may be received through the vibrissae. Three male 
and 1 female gracilis and 3 male and 3 female bairdi were tested. 
Of these mice, a male gracilis and a male and a female bairdi had 
not been tested in previous experiments. If vibrissae are the sen- 
sory structures largely used in the selection of habitat, their re- 
moval from animals already tested would provide a crucial test. 
The mice were given the usual 4-day period of training. Each 
mouse was then etherized and the vibrissae were clipped close to 
the skin. After the mouse had fully recovered from the ether, it 
was released in the introduction box. 

The artificial habitats presented for selection by the mice 
were tree trunks in one compartment and artificial grass in the 
other. Individual mice of the 2 subspecies were not tested alter - 
nately. Artificial habitats were changed from one compartment to 
the other once for each subspecies. As in Experiment IX, acces- 
sory fans were used in place of the one built into the air duct of 
the reaction room. 

In Table XI are recorded the F values computed by analysis 
of the data obtained for 3 measurements of habitat selection. 
Table XII presents the total values by habitat for all 4 measure- 
ments. The difference between the mean values of time spent by 
gracilis in the 2 artificial habitats is significant at the 1 per cent 
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TABLE XI 


F Values for 3 Measurements of Habitat Selection by Peromyscus maniculatus 
gracilis and P. m. bairdi in Experiment VIII. 


Numbers of Revo- 
lutions Made in 
Activity Wheels 


bairdi 


Milliliters of 
Water Consumed 


gracilis 


Numbers of Seeds 


Source of maten 


Variation 


gracilis bairdi bairdi 


Among individuals 10.23** 0.77 3.16* 1.39 
(5333) (3;18) (3;21) (5333) 
Between habitats 1.78 85.58** 42.71** 25.09** 
(1;33) (1;18) (1;21) (1;33) 
Among days .... 1.77 1,97 1.43 2.05 
(3;33) (3;18) (3;21) (3;33) 
Interaction: habi- 
tats x individuals 6.79** 3.84** 6,.73** 12,.46** 
(5;33) (3318) (3521) (5;33) 


*Value is significant at the 5 per cent level. 
**Value is significant at the 1 per cent level. 
fn, d.f.; np d.f. ; 


TABLE XII 


Summary of Selection by Peromyscus maniculatus gracilis and P. m. bairdi 
Between Tree-trunk and Artificial-grass Habitats in Experiment VIII. The vibris- 
sae of the mice had been artificially removed. Values are estimated for 3 items 
of missing data. 


4 gracilis 6 bairdi 


Presence in habitat 


Total minutes . 80357t 9992 

Per. cent2.h<c AS i | 60.6 
Activity wheels 

Total turns «:.: « « « 65815 

Per ‘Cente sieve phen 60.4 
Seeds eaten 

Total seeds...... 4547t 

Percents 6 sa<.ce 62.17t 
Water consumed 

Ota lmily tere satus 63.8¢7 

Per cent*iars ane 


62.9¢¢ 


} Represents a value significant at the 5 per cent level. 
jt Represents a value significant at the 1 per cent level. 
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level (t = 5.19 with 14d.f.). No significant difference occurred 
between the 2 mean values of time spent by bairdi in the 2 habitats 
(t = 1.94 with 21 d.f.). 

The results of this experiment indicate that gracilis selected 
the tree-trunk habitat even though the individuals tested were de- 
prived of their vibrissae. A significant difference at the 1 per cent 
level occurred between habitat means for 3 measurements — time, 
seeds, and water — with the higher of the 2 means for each meas- 
urement occurring in the tree-trunk habitat. For the measurement 
of activity-wheel turns the higher of the 2 habitat means occurred 
in the artificial-grass habitat, and the difference was significant 
at the 5 per cent level. 

Vibrissaeless bairdi showed a tendency to select the 
artificial-grass habitat. Mean values obtained in this habitat were 
higher than those obtained in the tree-trunk habitat. For 2 meas- 
urements — seeds and water — the differences between habitat 
means were significant at the 1 per cent level. The selection of 
the artificial grass by vibrissaeless bairdi was not so strong as 
that by bairdi with vibrissae intact in Experiment IV. 


Experiment X 


Since bairdi and gracilis produce fertile offspring in the lab- 
oratory (Dice, 1933) but apparently do not do so in nature (Dice, 
1931a), artificial-habitat selection by their F, hybrids might be 
expected to furnish interesting information. Four male and 3 fe- 
male F, hybrids of a bairdi x gracilis cross were tested in Exper- 
iment X for their selection between tree trunks and artificial grass. 
All 3 females were pregnant at the time of testing. The ventilating 
fan of the reaction room was turned off. No night lights were used 
during the tests. The artificial habitats were changed twice from 
one compartment to the other during the experiment. 

F values computed by analysis of variance for 3 measure- 
ments of habitat selection in Experiment X are presented in Table 
XIII. Total values recorded by habitats f » all measurements are 
given in Table XIV. The difference between mean times spent by 
the hybrids in the 2 artificial habitats is significant at the 1 per 
cent level (t = 3.72 with 20 d.f.). 

The F, hybrids of bairdi x gracilis selected the artificial - 
grass habitat. The means obtained in this habitat for all measure- 
ments of habitat selection were higher than those obtained in the 
tree-trunk habitat, and the differences between means in the 2 
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TABLE XI 


F Values for 3 Measurements of Habitat Selection by Peromyscus maniculatus 
bairdi x P. m. gracilis F, in Experiment X. 


Numbers of Revo- Numbers of Seeds Milliliters of 
Source of eed 8 Made in Eaten Water Consumed 
Variation | Activity Wheels 
Among individuals 4,98** 3.84** 11.71** 
(6;37)t (6545) (6;36) 
Between habitats 4,28* 12,54** 38.49** 
(1;37) (1,45) (1;36) 
Among days .... 2.31 1.49 1.42 
(3537) (3545) (3536) 
Interaction: habi- 
tats x individuals 2.12* 2.82* 
(6;37) (6;36) 
Interaction: days 
x habitatsrere sss CR sas 7.56** 
(3;36) 


*Value is significant at the 5 per cent level. 
**Value is significant at the 1 per cent level. 
7 nh Gelse Ng d.f. 


TABLE XIV 


Summary of Selection by 7 Peromyscus maniculatus bairdi x P. m. gracilis F, 
Between Artificial-grass and Tree-trunk Habitats in Experiment X. Values are 
estimated for 4 items of missing data. 


Grass 

Presence in habitat 

Total minutes sats iean sichel« 5 ona as 1065477 

Percents. Ls } wasishctbiers: s elareres 67.777 
Activity wheels 

Total THINS: car crsceus Cueielananctete 94545} 

Rey Cente cians ath 5) sacs) eens casts 65.8} 
Seeds eaten 

Total seeds...... ate state ma ane T54tt 

POLVeCONE  s siv ins ee FRE Me teanee eee 63.177 
Water consumed 

Totaliml, tists. sechiatene eee pene 107.877 

Per'centy raw steers Sue Daeihnus donee 63.67¢ 


} Represents a value significant at the 5 per cent level. 
tj} Represents a value significant at the 1 per cent level. 
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habitats were significant at the 1 per cent level for all measure- 
ments except activity-wheel turns. In the latter instance, signifi- 
cance occurred at the 5 per cent level. 


Artificial Habitats Selected 


When the experiments described above are considered as a 
whole, it is noted that each subspecies usually selected the artifi- 
cial habitat which simulated its natural habitat. 

P. m, gracilis, the forest deermouse, showed a definite 
preference for the tree trunks when this habitat opposed the arti- 
ficial grass in Experiments I, IV, V, and VIII. This selection 
was indicated by the mean values of the 4 measurements of habitat 
selection which, with 1 exception, were higher in the tree-trunk 
habitat than in the artificial grass. In each of these experiments 
3 of the 4 measurements exhibited statistically significant differ- 
ences between habitat means. In all of these experiments statis- 
tical significance occurred in 13 of the 16 measurements. In 10 
measurements differences between habitat means were significant 
at the 1 per cent level and in 3 measurements, at the 5 per cent 
level. Of the latter, the measurement of wheel turns constituted 
the exception in which the higher of the 2 habitat means was in the 
artificial grass (Table XV). In Experiment I the selection was 
somewhat weaker than in the other experiments, in that the differ- 
ence between the numbers of seeds eaten in the 2 habitats was not 
Statistically significant. In this experiment, however, dim lights 
during the night periods caused unequal intensities of illumination 
on the floor of the 2 compartments. 

P. m. gracilis did not respond in a consistent manner when 
jungle was opposed either to tree trunks or to artificial grass. In 
Experiment VI a tendency was shown to select the jungle habitat 
rather than the artificial-grass habitat, but in only 1 measurement 
was this preference statistically significant (Table XV); therefore, 
this weak habitat preference is not convincing. Jungle was also 
used in Experiment VII, but in contrast with tree trunks. Here, 
gracilis showed a preference for jungle, but the records suggest 
that some other factor was also involved in the choice. This ex- 
periment was repeated, therefore, as Experiment IX in an at- 
tempt to eliminate possible differences between the compartments 
which may have existed in addition to the differences in the habi- 
tats. There was now no preference shown by gracilis either for 
the jungle or for the tree trunks. 
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TABLE XV 


Summary of Selection by Peromyscus maniculatus gracilis Between Contrasting 
Artificial Habitats. 


Light 
Experiment Intensity Water 
in f.c. Consumed 


I Tree vs. 


grass : tree treeft 
IV Tree vs. 

grass treefyt treefft 
V Tree+ grass 

vs. grass treefT treefT 
VI Jungle vs. 

grass junglett jungle 
VII Tree vs. 

jungle junglett jungleft 
VIII Tree vs. 4 


grass: mice 
with vibrissae 


removed treeff 
IX Tree vs. 

jungle: with- 

out ventilating 

fan tree 


{ Represents a value significant at the 5 per cent level. 
+t Represents a value significant at the 1 per cent level. 


TABLE XVI 


Summary of Selection by Peromyscus maniculatus bairdi Between Contrasting 
Artificial Habitats, 


Habitat with the Higher Mean 


Experiment Total Time Activity - Seeds Water 
in Habitat Wheel Turns| Eaten Consumed 


Tree vs. 


grass grasst grassfT tree 
IV Tree vs. 

grass grassff grassfT grassft 
V Tree +grass 

vs. grass grass grasst grass 
VI Jungle vs. 

grass grassff grassfTt grassfft 
VIII Tree vs. 

grass: mice 

with vibrissae 

removed grassfft grassftft 


t Represents a value significant at the 5 per cent level. 
tf Represents a value significant at the 1 per cent level. 
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The results of these 3 experiments (VI, VII, and IX), when 
viewed together, indicate that gracilis made no consistent choice 
between the jungle and tree trunks or between the jungle and arti- 
ficial grass. It is possible that the highly artificial nature of the 
jungle, which has no counterpart in natural vegetation, did not 
stimulate habitat selection by gracilis. 

In Experiment V the tree trunks with artificial grass were 
selected by gracilis over the habitat with artificial grass alone 
(Table XV). Apparently, the presence of artificial grass together 
with the tree trunks did not modify the natural habitat selection 
for tree trunks by gracilis. Thus, it appears that attention was 
directed by gracilis to the tree trunks and that there was a positive 
selection for them. This interpretation, however, is not fully con- 
vincing in view of the lack of pronounced habitat preference shown 
by gracilis in Experiments VII and IX, in which the tree-trunk 
habitat was contrasted with jungle. 

To consider only those experiments in which tree trunks and 
artificial grass were presented as the contrasting artificial habi- 
tats, it seems evident from the generally consistent and statisti- 
cally significant results that gracilis preferred the tree-trunk habi- 
tat. There is some suggestion that this habitat selection is a posi- 
tive reaction to the tree trunks, but this evidence is not completely 
consistent. 

Table XVI shows that P. m. bairdi, the prairie deermouse, 
selected the artificial-grass habitat with a high degree of consist- 
ency when this was opposed either to the tree-trunk habitat or to 
the jungle (Experiments I, IV, VI, and VIII). The mean values 
resulting from the measurements were higher in the artificial 
grass than in the opposed habitats. Experiment I offers the only 
exception to this; the means obtained in the tree-trunk habitat 
were higher than those obtained in the contrasting artificial-grass 
habitat for activity-wheel turns and for water consumed. This was 
a preliminary experiment, however, in which the dim light used 
during the night period was a complicating factor. 

Experiment IV, in which no light was used during the night 
period, was the crucial test for selection between tree-trunk and 
artificial-grass habitats. In this experiment bairdi selected the 
artificial-grass habitat as shown by significant differences between 
habitat means in all 4 measurements, 3 of them being significant 
at the 1 per cent leve) and 1 at the 5 per cent level. In all of these 
4 experiments, in which artificial grass opposed either tree trunks 
or jungle, statistical significance occurred in 11 of the 16 measure - 
ments. Differences between habitat means were significant at the 
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1 per cent level for 9 measurements and at the 5 per cent for 2 
measurements. 

The nature of the selective process of bairdi is suggested 
by the results of Experiment V in which the artificial-grass habi- 
tat opposed tree trunks with artificial grass (Table XVI). The 
values of all 4 measurements were higher in the artificial-grass 
habitat than in the habitat composed of tree trunks and artificial 
grass, but significant differences between the habitat means oc- 
curred at the 5 per cent level for only 2 measurements, activity- 
wheel turns and seeds eaten. This result, in comparison with 
the results of Experiment IV in which the opposing tree trunks 
were not associated with artificial grass, suggests that bairdi was 
definitely attracted to artificial grass but that it avoided tree 
trunks to only a slight extent. The slight tendency to avoid tree 
trunks may account for the fact that bairdi in nature is not found 
even in those woodlands that have a grassy ground cover. 

In summary, P. m. bairdi in these experiments selected 
artificial habitats containing objects having a grasslike form. The 
response to the artificial grass seemed to be mostly positive, but 
a slight negative response to tree trunks may also have been pres- 
ent. 

The experiments described above give a small amount of 
evidence about the sensory nature of the stimulus received by the 
mice in making a selection of artificial habitats. In Experiment 
IV both subspecies selected artificial vegetation corresponding to 
their natural habitats, even when the reaction room was in dark- 
ness. Also, .in Experiment VI bairdi made a clear-cut selection 
under the same condition of darkness. The general inactivity of 
the mice during the 12-hour period of bright light precludes the 
possibility that they could have learned. the experimental situation 
and made a selection during that period. Thus, the selective 
process is able to operate independently of visual stimuli. 

In an effort to learn if the stimulus resulting in artificial- 
habitat selection was a tactile one received through the vibrissae, 
the mice were tested in Experiment VIII after the vibrissae had 
been removed. Four individuals of vibrissaeless gracilis selected 
the tree-trunk habitat in darkness. Differences between habitat 
means were significant at the 1 per cent level for 3 of the 4 meas- 
urements (Table XV). A preference for the artificial grass by: 
vibrissaeless bairdi was also obtained in this experiment. Differ- 
ences between habitat means were significant at the 1 per cent 
level for seeds eaten and water consumed, the 2 best measures of 
habitat selection. For total time and for activity-wheel turns, 
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higher means were obtained in the artificial-grass habitat than in 
the tree-trunk habitat, bu. the differences were not statistically 
significant (Table XVI). 

Of the individuals tested in Experiment VIII, 3 gracilis and 
4 bairdi had also been tested in previous experiments. It seems 
unlikely, however, that, if vibrissae are important in habitat se- 
lection, previous learning by these individuals could have been al- 
most completely substituted for a definite dependence upon them. 
Vibrissae are apparently used to some extent by the mice, for I 
have observed individuals running along the walls of the compart- 
ment without bumping into them at the corners. On the other hand, 
when the mice were excited or frightened, they frequently bumped 
into objects in their paths. Further, a few bairdi with vibrissae 
intact gave much the same performance in a small obstacle course 
as the same number of bairdi with the vibrissae removed. 

These results show, I believe, that neither vision nor the 
tactile organs of the vibrissae are the chief sensory agencies 
through which the stimuli used in habitat selection are received by 
the mice. The incidental observations mentioned above do not 
disagree with this conclusion. Sensations received through the 
feet, tail, and other parts of the body may be more important in 
habitat selection than either vision or the sensory function of the 
vil ssae. These experiments, however, were not designed for a 
study of sensory stimuli, and the results are to be regarded 
merely as suggestive. 

The responses of males and females to artificial-habitat se- 
lection were examined by analysis of variance. A significant sex 
difference in habitat selection was present in only 1 measurement, 
that of seeds eaten by gracilis in Experiment IX. When the data 
for similar experiments were pooled, however, significant differ - 
ences between sexes were sometimes indicated. Perhaps the dif- 
ferences were not significant in the analyses of single experiments 
because so few individuals of each sex were involved. As far as 
these experiments are concerned, it is possible, therefore, that 
sex differences in artificial-habitat selection may occur, but it 
seems unlikely that sexual selection of gross differences in habi- 
tat would characterize the behavior of these mice in nature. 

No consideration has been given to possible seasonal changes 
in habitat selection inherent in the mice. This was not practical in 
the present investigation because of limitations of time and equip- 
ment. No suggestion was obtained, however, of any change in the 
habitat preference of the subspecies correlated with the »rogres- 
sion of the outdoor seasons. 
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FACTORS WHICH MAY HAVE INFLUENCED RESULTS 
OF THE EXPERIMENTS 


Factors other than artificial vegetation which may have in- 
fluenced the responses of the mice in the experiments should be 
considered. The possibility that the mice may have selected or 
avoided one compartment or the other, rather than the artificial 
vegetation therein, must be examined. Such a possible selection 
or avoidance may have been due to some irrelevant factor con- 
nected with the compartment, as, for example, its position. To 
control these possible effects of position, the artificial habitats 
were changed from one compartment to the other at least once 
during each experiment following Experiment III. 


TABLE XVII 


Statistical Analysis of Habitat-selection Data Divided According to Compartment of 
the Reaction Room. Values of t and F are for differences between north and south 


F Values 
Total Time in Water Consumed in 


Seeds Eaten in 
Compartment Compartment Compartment 


0.00 


compartments. 


Experiment 


IV Tree vs. 
grass 

Vv Tree + grass 
vs. grass 

VI Jungle vs. 
grass 

VII Jungle vs. tree: 
ventilating fan 
at one end of 
room 

VIII Tree vs. 
grass: mice 
with vibrissae 
removed 

IX Jungle vs. 

tree: ventilating 

fan in middle 

of room 


16.33** 3.20 


6.23* 13.42** 


16.21** 2.26 


14.19** 


6.18* 


5.65* 


bairdi x gracilis 
8.47** 


X Tree vs. grass |bairdi x gracilis 


bairdi x gracilis 
2.91 


* Value is significant at 5 per cent level. 
** Value is significant at 1 per cent level. 
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To evaluate the effect of position, the data obtained for the 
measurements of total time, seeds eaten, and water consumed 
were tabulated by compartment rather than by artificial habitat and 
were statistically analyzed as already described. In this analysis 
differences appear between north and south compartments in place 
of differences between artificial habitats. The F and t values for 
differences between north and south compartments are set forth in 
Table XVII. Of the 2 compartments, the one showing the higher 
value for each experiment and for each measurement is indicated 
in Table XVIII. From Table XVIII it is seen that, although there 
is some consistency within an experiment for the compartment 
with the higher value, there is little consistency in this regard 
from experiment to experiment. 


TABLE XVIII 


Summary of Habitat-selection Data Divided According to Compartments of the 
Reaction Room. The compartment which has the higher of the 2 totals for each 
measurement is indicated. 


Total Time in Seeds Eaten in Water Consumed in 
Experiment Compartment Compartment Compartment 
bairdi 
IV Tree vs. 
grass north south north{{| north north north 
V Tree+ 
grass Vs. 
grass north north north northt north northfTf 
VI Jungle vs. 
Brass southt+ | southt south}+| southt+|  southt | south 
VII Jungle vs. 
tree: ventilat- 
ing fan at one 
end of room south a ont south} Tf SA Ee south} fT 
VIII Tree vs. 
grass: mice 
with vibrissae : 
removed north southt north south} southf north} 
IX Jungle vs. 
tree: ventilat- 
ing fan in mid 
dle of room north whe ebhe north opp ine northf 
x, Tree vs. bairdi x gracilis bairdi x gracilis bairdi x gracilis 
grass south south southTT{ 


en SS EE EEE ——eEe—————E————e 
+ Represents a value significant at the 5 per cent level. 
+7 Represents a value significant at the 1 per cent level. 
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In comparing Table XVII with the appropriate entry (varia- 
tion between habitats) in each of Tables I, I, V, VII, [X, XI, and 
XIII, and with the text, it is noted that the F and t values are gen- 
erally lower for differences between compartments than for dif- 
ferences between artificial habitats. This is especially true in 
those experiments where a definite selection for artificial habitat 
occurred (Experiments IV and VIII for both subspecies, V for 
gracilis, VI for bairdi, and X for the hybrids). Where no strong 
selection was manifested by Peromyscus, the F and t values for 
compartment differences were not so much lower or were some- 
what higher than those for differences between artificial habitats. 
This suggests that, where a combination of artificial habitats did 
not stimulate selection by the mice, some other less important 
difference between the compartments received their attention. 

Another factor may have complicated the analyses of the data 
for north and south compartments. The number of mice tested 
when a given habitat was in one compartment was not always the 
same as the number tested when that habitat was changed to the 
other compartment. For example, in an experiment 5 bairdi may 
have been tested when artificial grass was in the north compart- 
ment, but only 3 bairdi when it was in the south compartment. The 
evidence from the F and t values has indicated that the main differ- 
ence between compartments was the artificial vegetation. If bairdi 
selected the artificial grass in the example given above, an analy~ 
sis of north and south compartments would show favor to the north 
compartment since more mice were tested when artificial grass 
was present there and fewer mice when artificial grass was pres- 
ent in the south compartment. A qualitative analysis of the data 
seems to accord with this belief. Hence, the analysis for north 
and south compartments may show more difference between com- 
partments than really existed. 

The use of the introduction box, previously described, con- 
siderably reduced the chance that cues for selection might have 
been given by the experimenter when he entered the room through 
1 compartment to release the mouse. Also, the mouse was free 
to turn in either direction upon entering the runway apparatus, and 
thus the first artificial habitat entered would presumably be a mat- 
ter of chance. Most of the mice remained in the box until long 
after the experimenter left the room, but occasionally a nervous 
individual would leave almost instantly. 

Preliminary studies revealed that many mice formed a habit 
of returning to the nest box first occupied during atest. An at- 
tempt to break this habit by substituting each day a clean nest box 
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for the one previously used by a particular mouse was not com- 
pletely successful. Lack of more complete success was apparently 
occasioned because the introduction box must often have repre- 
sented the nest box first occupied. The mice first entered the re- 
action room from the introduction box, and some individuals re- 
turned each day to the area between the swinging doors of the run- 
way, which was the closest approach to the introduction box. 

There is no evidence that nest-box habit influenced those activities 
of the mice which provided the measures of artificial-habitat selec- 
tion. 

Several procedures were employed to eliminate the possibil- 
ity that odors left by a mouse influenced the behavior of any mouse 
tested later in the reaction room. In those experiments in which 
both subspecies were investigated (except in Experiment VIII), the 
subspecies were alternated, that is, a test for an individual of one 
subspecies would be followed by a test for an individual of the 
other subspecies. By this procedure it is believed that, if a scent 
pattern should be laid down in some manner by one subspecies, it 
would be nullified by that of the other subspecies. In the statisti- 
cal sense this is an attempt to randomize the scent factor. It was 
occasionally impossible to adhere strictly to this procedure, some- 
times because of the death of a mouse in the training cage, and 
sometimes because of failure of a mouse to enter both habitats 
during the first night. As another precaution, after the 4-night 
test period of each individual, the sand on the floor of the 2 com- 
partments was mixed and smoothed with a brush. Also, after each 
mouse was tested, the activity wheels, nest boxes, food dishes, 
and water tubes and racks were washed in water. Between exper- 
iments the sand was sifted to remove mouse droppings and other 
debris. It may be doubted, therefore, that the habitat selection of 
a mouse was seriously influenced by the scent left by mice pre- 
viously tested in the reaction room. 

The reaction room in which the experiments were conducted 
is not soundproof. At one end of the room the ventilating fan made 
a continuous buzz during most of the experiments, while near the 
other end of the room the reducing gears of the recording appara- 
tus could be heard through the wall. These and less regular 
sounds were randomized by exchanging the artificial habitats from 
compartment to compartment during the course of each experiment. 

The temperature varied somewhat in different parts of the 
reaction room, partly because in winter warm air entered one end 
of the room and became cooled as it passed toward the outlet at the 
other end. Radiation of heat from the walls of the room also 
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affected the temperature. The reaction room is situated in a cor- 
ner of the building; 2 walls of the south compartment and 1 wall of 
the north compartment are outside walls. Less heat radiates 

from the outside walls; hence the south compartment was somewhat 
cooler than the north compartment. During warm periods of the 
year the air temperature near the floor varied about 2° F. from 
place to place in the room, but during cold weather it varied as 
much as 89 F. The effect of this temperature variation was ran- 
domized by reversal of the artificial habitats during each experi- 
ment. 

Relative humidity in the reaction room was low during the 
winter owing to artificial heating of the building. It must have dif- 
fered from place to place in the room at those times when a gra- 
dient of air temperature occurred. The possible differences be- 
tween compartments in air humidity were randomized by changing 
the artificial habitats. 

Air currents in the room are believed to have had no effect 
on the reactions of the mice. None of the air currents was of suf- 
ficient strength to cause any perceptible movement of the artificial 
grass. 

The effect of light intensity on habitat selection has already 
been described in Experiments II and III. The preference for 
artificial grass and for tree trunks by bairdi and by gracilis, re- 
spectively, appeared to be less definite when the intensity of the 
night light was reduced in the unpreferred habitat than when it was 
reduced in the preferred habitat. Light intensity was controlled in 
all the experiments following Experiment III by equalizing the light 
intensities on the floors of the 2 compartments (Experiment V) or 
by using no lights during the 12-hour night period. 


RELIABILITY AND VARIABILITY IN SELECTION 
OF ARTIFICIAL HABITATS 


The experiments described demonstrate that the 2 deermouse 
subspecies, bairdi and gracilis, under controlled laboratory condi- 
tions usually selected different types of artificial habitat. P. m. 
bairdi, with very few exceptions, selected the artificial-grass 
habitat in all experiments, as indicated by each of the 4 measures 
of habitat selection. Similarly, gracilis, with few exceptions 
among the 4 measures, selected the tree-trunk habitat in those ex- 
periments in which tree trunks were contrasted with the artificial- 
grass habitat. It has been demonstrated further that the most 


No. 56 HABITAT SELECTION 39 


important difference between the 2 compartments to which the 
mice responded was the artificial vegetation. It may be concluded, 
therefore, that the experimental technique was adequate to meas- 
ure habitat selection. Similarly, the consistency with which the 
activities of eating, drinking, and, to a less extent, running in the 
activity wheel were pursued more by a particular subspecies in 
one type of habitat than in the other, together with general activity 
as measured by total time, indicates that these are valid measures 
of habitat selection. 

In spite of the evidence that bairdi preferred the artificial 
grass and that gracilis preferred the tree trunks, neither form en- 
tirely avoided the opposite type of habitat in these experiments. A 
complete avoidance would not be expected in view of the small area 
of the reaction room as compared with the area of the individual 
home range of either race in nature. The average size of the home 
range of adult bairdi in nature, as determined by Blair (1940), is 
0.63 acre for males and 0.51 acre for females, but Howard (1949) 
presented evidence for a home range of several acres. The size 
of the average home range of adult male gracilis is 2.31 acres and 
of adult female gracilis is 1.39 acres (Blair, 1942). The small 
area (.004 acre) of the reaction room would be expected to affect 
artificial-habitat selection by reducing its strength, but this did 
not occur to such an extent that selection could not be demonstrated. 
On the other hand, the areas of the 2 compartments were so small 
that a mouse could investigate all parts of each of them during the 
first night of testing and could then proceed to select between the 2 
artificial habitats which they contained. 

The analyses of variance of turns of the activity wheel, num- 
ber of seeds eaten, and amount of water consumed demonstrate 
that, of the 6 sources of variation for each of these measures of 
habitat selection, differences between habitats and between habitat- 
individual interaction are most often statistically significant. Also, 
these 2 sources of variation show, in most cases, high F values. 
Usually the F values for habitat differences are higher than those 
for habitat-individual interactions. Thus, the sources of signifi- 
cant variation in the analyses of variance are differences between 
habitats and between habitat-individual interaction. 

A significant interaction between habitat and individuals 
means that in an experiment different individuals react to habitat 
differences with significantly different degrees of strength, even 
though as a group all of the individuals in that experiment reacted 
significantly to 1 type of artificial habitat. It should be emphasized 
that in the statistical computations a significant difference in 
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reaction to habitats is in no way affected by a significant individual - 
habitat interaction. 

Variation among individuals is less often significant for each 
of the 3 measures of habitat selection in all the experiments than 
is variation between habitats or habitat-individual interaction. Of 
the 3 measures of habitat selection in which individuals show sig- 
nificant variation, wheel activity supplies almost two-thirds of the 
occurrences. The few instances of significance among the remain- 
ing sources of variation, that is, variation among days of a test, 
variation in habitat-day interaction, and variation in individual-day 
interaction, occurred with 1 exception (habitat-day interaction for 
water in Experiment X) for the measure of activity-wheel turns. 
The fact that these several sources of variation show statistical 
significance most often in turns of the activity wheel is due to the 
great variation in the use of the wheel by different mice. The stud- 
ies by Dice and Hoslett (1950) of activity-wheel records of several 
laboratory stocks of Peromyscus demonstrate great variability 
among individuals. 

Thus the analyses of variance of seeds eaten and of water 
consumed reveal that no great amount of statistically significant 
variation, other than variation between habitats and variation in 
habitat-individual interaction, exists in these experiments. The 
variation in turns of the activity wheel has been explained. Varia- 
tion between habitats is characteristically more significant (higher 
F values) than is variation in habitat-individual interaction. The 
differential response of a subspecies to the artificial habitats is 
the significant variable in the experiments, and the measurement 
of this response is the object of this investigation. 

The relative effectiveness of the several methods for meas- 
uring habitat selection may be estimated by the frequency with 
which the measurements reveal a statistically significant difference 
in artificial-habitat selection by the mice. If each experiment and 
each race and the hybrids of Peromyscus are considered separately, 
13 occurrences of a statistically significant habitat selection were 
possible for each measure. A statistically significant habitat se- 
lection, as measured by the number of seeds eaten, occurred in 11 
of the 13 possibilities; as measured by the amount of water con- 
sumed, in 9 of the 13 possibilities; as measured by the total time 
in each habitat, in 7 of the 13 possibilities; and as measured by the 
number of turns of the activity wheels, in 7 of the 13 possibilities. 
Accordingly, the number of seeds eaten and the amount of water 
drunk appear to be the best measures of artificial-habitat selection 
by the mice. Total time is a better measure than activity swheel 
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turns, Since the latter, as explained above, showed considerable 
variability among individuals. Activity-wheel turns could have 
been eliminated as a measure of artificial-habitat selection. 

An attempt was always made to use different mice in the ex- 
periments (except in Experiment VIII), but because of lack of 
breeding during winter in the gracilis stock not many new individ- 
uals of this subspecies were available for the later experiments. 
The purpose in avoiding repetition in the individuals tested was to 
prevent modification and change of artificial-habitat selection by 
the mice due to learning and remembering. The reactions to arti- 
ficial habitats of 8 out of 9 mice that were tested more than once 
in different experiments can be compared. Four of these mice 
showed consistent selection of a particular habitat type, 2 showed 
inconsistent selection, and 2 reversed the habitat type selected. 
Also, 3 individuals were by error tested twice in Experiment V. 
One was consistent in habitat selection, 1 showed partial reversal, 
and 1 showed complete reversal in the habitat chosen. No correc- 
tions or eliminations were made in the statistical analyses for the 
individuals that were tested more than once. These few data do not 
give evidence that change in artificial-habitat selection by a mouse 
tested in different 4-day periods is due to learning and remember- 
ing. They do indicate that it is wise to avoid repeating tests of the 
same mouse in the same or in Similar experiments. 

It seems reasonable that learning would weaken artificial- 
habitat selection by increasing the variability of the response. 
Such an effect would have to occur in most cases within the 4-day 
test period of each mouse, and the statistical evidence indicates 
that variation in the response of the mice among days of the test 
period was, in general, due to chance. Furthermore, the results 
of most of the experiments show that selection did occur in spite 
of any learning that might have weakened it. 

The laboratory cages in which the mice were born and lived 
may also have conditioned them in a way to modify their preference 
for a particular artificial habitat. If this happened, and it is not 
possible to determine whether or not it did, it would probably have 
weakened the effect of their selection. 

There is no evidence that learning and habit formation re- 
inforced instinctive habitat selection by the mice in the experiments. 
Undoubtedly, habit formation entered into the reaction of the mice 
to artificial habitats, and it is possible that it may have reduced 
the sharpness of the selection which occurred. The probability 
that learning occurred does not affect the conclusions with 
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reference to artificial-habitat selection by Peromyscus in these 
experiments. 


FACTORS SELECTED IN THE HABITAT 


A number of ecologists have discussed the problem of habitat 
selection by animals (Shelford, 1911; Grinnell, 1917; Dice, 1931b; 
and others). Elton (1927: 39-41) treated the subject rather fully. 
He believed that most animals are limited in their distribution by 
their habits and reactions. Their reactions presumably are suited 
to their particular physiological requirements and to their breeding 
habits. The stimuli which cause this distributional limitation, pre- 
sumably to the optimum conditions for their life, may not them- 
selves be directly harmful to the animal; they probably are more 
in the nature of signs or cues, warning the animal that it is ap- 
proaching less suitable conditions for life. Thus, the immediate 
causes of the limitation in distribution may often be found in the 
psychological reactions of the animal. 


Factors Previously Suggested by Authors 


Among the factors that have been previously suggested by 
various authors as controlling the habitat distribution of animals, 
meteorological factors, light intensity, food and water, nesting 
sites, and interspecific dominance merit particular attention. 

Meteorological Factors. — The effect of the evaporating 
power of the air on the reactions of Peromyscus leucopus novebora- 
censis, a woodland and brush-inhabiting species, was studied by 
Chenoweth (1917). In his experiments the mice were free to choose 
between different evaporating powers of air in a gradient apparatus. 
He concluded that evaporation rate, whether produced by movement, 
dryness, or temperature of the air, is probably the most important 
factor in determining the habitat distribution of this species. 

The quantity of water and food used by Peromyscus 1. nove- 
boracensis and P. maniculatus bairdi under different conditions of 
air temperature and humidity was studied by Dice (1922). His ex- 
periments did not show sufficient differences between the 2 species 
of Peromyscus in their requirements for food, water, temperature, 
and air humidity to explain their habitat differences. Thus, he did 
not substantiate Chenoweth's conclusion in regard to habitat selec- 
tion by P. 1. noveboracensis. 
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The effect of climatic conditions on these same 2 species of 
Peromyscus was studied by Johnson (1926). Principally by com- 
parison of climatic records obtained in both field and woodland 
habitats, he concluded that climatic factors do not explain the re- 
striction of the 2 species to their respective habitats. He believed 
that their habitat distribution depends upon the whole biotic associ- 
aiion type, rather than on any single factor of the environment. 

Light Intensity. — Certain experimental evidence indicates 
the importance of light intensity to nocturnal mice. Moody (1929) 
showed that P. m. gracilis can distinguish from darkness a light 
intensity of 1.13 x 10-6 candle power per square cm. It has been 
shown experimentally that the activity of deermice is related to 
the intensity of light. In very dim light or darkness they move 
about freely. As the light intensity increases, the activity of the 
deermice decreases until a threshold is reached at which they do 
not leave their nest boxes (Blair, 1943). 

Kalabukhov (1938) studied the selection of several intensities 
of light by closely related species of Apodemus and Citellus and 
considered the results in relation to habitat restriction. He found 
that in a gradient apparatus Apodemus sylvaticus avoided bright 
illumination to a considerably greater degree than did A. flavicollis. 
In nature the former species seems to be the more strictly noctur- 
nal of the two. Kalabukhov believed that A. sylvaticus lives in 
brushy and open habitats more commonly than A. flavicollis be- 
cause the more strictly nocturnal habits of the former give it a 
greater degree of protection from predators. He found no marked 
difference between the reactions of 2 species of Citellus to light 
intensity. 

The experiments discussed above indicate that light intensity 
has an influence of some importance on the activities of nocturnal 
mice. It is possible that light intensity has also some influence on 
habitat selection by mice, but this factor was not measured in the 
present investigation. 

Food and Water. — The fact that the food and water required 
by Peromyscus m. bairdi and P. 1. noveboracensis probably do 
not constitute an important factor in limiting their habitat distribu- 
tion (Dice, 1922) has already been discussed. This conclusion, as 
to food, has been further substantiated by Cogshall (1928), who in 
the laboratory offered a choice of many different foods to the 
forms of Peromyscus mentioned above and also to P. m. gracilis 
and to P. m. sonoriensis. 

Nesting Sites. — The possibility that Peromyscus 1. novebo- 
racensis is limited to woodlands and that P. m. bairdi is limited 
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to open habitats because of a nesting site preference has been con- 
sidered by Johnson (1926). He concluded from a few observations 
that nesting sites do not explain the habitat restrictions of these 2 
species. On the other hand, Nicholson (1941) believed that P. 1. 
noveboracensis showed a definite preference for artificial nest 
boxes placed above the ground. I have seen individuals of P. m. 
gracilis, when released from live traps, run into hollow logs, 
holes at the bases of stumps and trees, holes in tree trunks sev- 
eral feet above the ground, and occasionally into holes in the 
ground. My few observations suggest that gracilis usually uses 
refuges associated with tree trunks and stumps. 

It is possible that the preference of a given race of Pero- 
myscus for a particular type of nesting site may contribute to its 
restriction to a particular type of habitat. -Much more critical 
study is required to ascertain the role of nesting site in habitat 
restriction of Peromyscus. Inthe experiments here described 
nesting site could not have been a deciding factor. 

Interspecific Dominance. — There is no evidence that an- 
tagonism between P. m. bairdi and P. l. noveboracensis is an 
important factor in preventing one species from invading the habi- 
tat of the other (Dice, 1922). Observations have shown that these 
2 species may in nature form mixed aggregations (Nicholson, 1941; 
Howard, 1949). Close association apparently may occur between 
2 individuals of different species, for almost half of the double 
captures made with single-catch live traps included mice of 2 spe- 
cies (Evans and Holdenried, 1943). These writers remarked on 
the infrequency of fighting between 2 species of Peromyscus in 
the same live trap as compared with double captures of Peromys- 
cus with Perognathus. In the Laboratory of Vertebrate Biology, 
groups of 3 individuals each of gracilis and bairdi commonly as- 
sociated even when they had opportunity to live in separate cages 
(unpublished data of the author). These data accord with Dice's 
conclusion of a lack of interspecific antagonism and extend it to 
the 2 subspecies tested in the present study. 

Other Factors. — Other factors also may influence the habi- 
tat preferences of Peromyscus, but none has been adequately 
treated in the literature from this viewpoint. For example, soil 
texture is important in the distribution of the kangaroo rat (Hardy, 
1945:101). It is doubtful if soil type can be a factor which directly 
restricts bairdi to open habitats and gracilis to wooded or brushy 
ones, In its extension of range, bairdi has come to inhabit regions 
where soil was originally developed under woodland and has since 
been modified by agriculture and resulting soil erosion. Further- 
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more, bairdi usually excavates simple and shallow burrows and 
often uses abandoned burrows made by other species of animals 
(Howard, 1949). Also, my observations indicate that gracilis uses 
refuges associated with stumps, logs, or hollows in trees more 
frequently than it uses unprotected burrows in the soil. 
Meteorological factors, food and water, nesting sites, intra- 
specific dominance, and soil type do not appear, separately, to be 
factors of importance in limiting the several kinds of Peromyscus 
to their particular habitats. Intensity of light is of importance in 
regulating the activity of nocturnal mice, but there is no good evi- 
dence that it is a factor which limits them to different habitats. 


Limiting Factors Suggested by the Present Study 


In the present study the reactions of 2 subspecies of Pero- 
myscus maniculatus to contrasting types of simplified artificial 
habitats have been measured by experimental methods. The sim- 
plified habitat types were designed to simulate the characteristic 
vegetation of certain natural habitats: forest, grassland, and 
brushland. 

It has been demonstrated that the artificial habitats in the 
experiments presented the main differences used by the mice in 
choosing between the 2 compartments of the reaction room. The 
artificial habitats were composed of objects made to resemble 
natural vegetation. Although the sections of tree trunks were less 
artificial than the grass made from Manila folders, they were 
not living. They were limited in height, and the environment sur- 
rounding them (with the exception of Experiment V) was devoid of 
cover, such as is provided by herbaceous plants in natural forest 
communities. Reduced to simple terms, habitat selection by 
gracilis and by bairdi seems to be based to at least a considerable 
extent on an attraction toward certain objects characteristic of 
their natural habitats. Thus, gracilis is attracted by tree trunks, 
while bairdi is attracted by grasslike objects. 

The precise characteristics of the objects to which bairdi 
and gracilis responded were not ascertained in these experiments. 
P. m. bairdi may have responded to the shape of the grasslike ob- 
jects, or possibly it responded to the close spacing of the artificial- 
grass blades, which may have given it a sense of security. P. m. 
gracilis, in turn, may have responded to the shape of tree trunks 
or trees, or it may have responded to objects which permitted it to 
climb upon them (Horner, 1948). Rigidity, as opposed to the 
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flexibility of grass blades, might be an important characteristic of 
objects selected because of the arboreal adaptation of gracilis. The 
hypothesis, however, that habitat selection by gracilis is based on 
its arboreal adaptation is not supported by the experiments using 
jungle as one of the artificial habitats. The jungle supplied rigid 
objects suitable for aise in climbing which were not similar to tree 
trunks. Yet gracilis showed no preference for jungle when it was 
given a choice between jungle and artificial grass (Experiment VI). 
On the other hand, no preference was shown for either jungle or 
tree trunks when they were presented for selection (Experiments 
VII and IX), and this result would be expected if habitat selection 
were based on a semiarboreal adaptation. Hence, the experiments 
involving jungle as one of the artificial habitats present conflict- 
ing evidence for the importance of semiarboreal adaptation in habi- 
tat selection by gracilis. 

It is difficult to believe that the vegetation itself could ever 
be a direct cause of the death of an individual mammal that is not 
in its normal habitat. Evidence that a species of mammal may 
exist and apparently thrive in a habitat that it would not select if 
given a choice has been presented by Dice (1925). Normally the 
meadow vole, Microtus p. pennsylvanicus, lives in grassy areas. 
On Marion Island, Grand Traverse County, Michigan, however, 
this species was discovered living in fairly dense hardwood forest. 
It occurred there with other species of small mammals which are 
normally found in that type of habitat. Since most of the island was 
covered with forest and only small areas of open land were present, 
Microtus here had little choice of habitat. 

It appears likely, therefore, that objects in the environments 
of the several forms of Peromyscus present cues by which these 
mice select their preferred habitats, but that under certain circum- 
stances some animals can exist in habitats which they would not 
normally select. 

Evidence that animals use cues in their selection of habitats 
has been presented by Lack (1933). He studied the birds that oc- 
curred in pine plantations of different ages and heights in England. 
By comparing the habitats in which particular species lived, he 
concluded that the cue for habitat selection by certain species of 
birds was apparently the height of the vegetation rather than its 
type. Other species seemed to react to preferred types of singing 
perches or nesting sites. Such factors Lack referred to as psycho- 
logical factors. 

The results of my experiments suggest that in nature objects, 
such as the type of plant, may be the cues by which the various 
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races of Peromyscus select their habitats. To what extent this 
may be true of other kinds of animals is unknown. 

It seems likely that a species is adapted to the objects which 
it uses as cues in selecting its habitat. For instance, the long- 
tailed forest-inhabiting forms of Peromyscus have been shown by 
Horner (1948) to possess a definite semiarboreal adaptation in 
comparison with the short-tailed forms which inhabit open fields. 
One of these long-tailed forms, P. m. gracilis, has been shown in 
this paper to select tree trunks in preference to artificial grass, 
which are objects to which it is adapted in its natural environment. 
Peromyscus leucopus noveboracensis, another long-tailed wood- 
land form, likewise has shown in its use of artificial nest boxes a 
preference for nesting sites situated above the ground (Nicholson, 
1941). 


HEREDITY OF HABITAT SELECTION 


Most animals tested in the first 3 experiments were field 
caught. Because it was not known at the beginning of the study 
whether habitat selection is due to conditioning or to instinct, it 
was thought that individuals previously conditioned in nature would 
react more strongly to the artificial habitats than laboratory-bred 
mice. A constant supply of field-caught Peromyscus m. gracilis 
was impossible to obtain, however, and only laboratory-bred mice 
of both subspecies were tested in Experiment IV and in subsequent 
experiments. 

Because the laboratory-bred animals were kept in standard 
laboratory cages, they had had no previous experience either with 
natural or with artificial habitats of the type used in these experi- 
ments. In view of their lack of previous experience, it is con- 
cluded that the habitat preferences expressed in these experiments 
must have resulted from instinctive behavior. 

Further information on the heredity of artificial-habitat se- 
lection was obtained in Experiment X by testing F, hybrids pro- 
duced by matings between individuals of female bairdi and male 
gracilis. The 7 hybrid individuals tested exhibited a preference 
for the artificial-grass habitat which was contrasted with the tree 
trunks. This preference was significant at the 5 per cent level for 
one measurement and at the 1 per cent level for 3 measurements 
of habitat selection (Table XIX). Thus, the genetic mechanism 
responsible for selection of artificial grass is at least partly dom- 
inant over that responsible for the selection of tree trunks. The 
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TABLE XIX 


Summary of Selection Between Artificial-grass and Tree-trunk Habitats by Pero- 
myscus m. bairdi x P. m. gracilis F, Hybrids in Experiment X. 


Light Habitat with the Higher Mean 
intone Total Time Activity— Seeds Water 
{inte} in Habitat Wheel Turns Eaten Consumed 


grassft 


+ Represents a value significant at the 5 per cent level. 
+t Represents a value significant at the 1 per cent level. 


F values for the several measurements of habitat selection by the 
hybrids were, in general, lower than those for the parental sub- 
species. Also, there was a significant variation among the hybrid 
individuals for the measures of wheel turns, seeds eaten, and 
water consumed. This indicates a greater degree of variability in 
habitat selection by the hybrids than by either of the parents, 
bairdi or gracilis. 

It is probably true that the first instinctive act of an animal 
may be reinforced by learning and conditioning, but this in no way 
invalidates the conclusion that artificial-habitat selection is based 
on instinctive behavior. There is no evidence in the experiments 
to show that instinctive acts of an animal may be reinforced in 
this manner. Such a reinforcement would have to appear during 
the 4-day test given each mouse. Each mouse varied from day to 
day in the proportion of its reactions in each artificial habitat, and 
each mouse differed in this respect from every other mouse. 
There was no consistent trend among the mice toward a more def- 
inite habitat selection as the 4-day test periods progressed. 

Habitat selection in nature, however, is probably not entirely 
an instinctive process. These experiments deal only with artifi- 
cial habitats that differ widely from each other, such as forest 
contrasted with open fields. Selection of more local conditions 
within such habitats might well be modified by experience as sug- 
gested by Miller (1942:34). 

The instinctive selection of objects in the habitat may be as- 
sumed, in accordance with the modern theory of evolutionary 
processes, to have developed in animals in response to natural 
selection. The evolutionary importance and significance of habitat 
selection have been discussed by Elton (1930), Lack (1933, 1940), 
Miller (1942), and Thorpe (1945). 
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SUMMARY 


In nature mice of the subspecies Peromyscus maniculatus 
bairdi are closely restricted to open-field habitats, while the sub- 
species P. m. gracilis lives most commonly in hardwood forests 
and to a lesser extent in brushy habitats. To ascertain the factors 
responsible for these habitat preferences, selection for artificial 
habitats by bairdi and gracilis was measured under controlled ex- 
perimental conditions. 

The artificial habitats presented to the 2 races of Peromys- 
cus were tree trunks, artificial grass, and jungle, the last com- 
posed of a latticework of sticks. Selection by individual mice be- 
tween 2 of these artificial habitats was made possible in each of 
10 experiments by placing a different artificial habitat in each of 
2 compartments of a reaction room. The habitat preference of 
each mouse was measured for 4 consecutive nights by recording 
(1) the number of sunflower seeds eaten, (2) the amount of water 
drunk, (3) the number of turns made in activity wheels, and (4) the 
total time spent in each of the 2 artificial habitats. The data ob- 
tained from these measurements were treated statistically. 

In these experiments, bairdi is shown to have selected the 
artificial-grass habitat in preference to either the tree-trunk or 
the jungle habitat. The differences in this preference were sig- 
nificant at the 5 per cent or at the 1 per cent level for 9 out of 12 
measurements involving 3 experiments. The tree-trunk habitat 
was selected by gracilis in those experiments in which this habitat 
was contrasted with the artificial-grass habitat. The differences 
in preference between these 2 artificial habitats were also signifi- 
cant at the 5 per cent or at the 1 per cent level for 9 out of 12 
measurements involving 3 experiments. 

The selection of these 2 artificial habitats by the 2 races of 
Peromyscus seems to be a selection for particular kinds of objects 
in the environment. These objects probably act as cues by which 
the mice recognize the environment most suitable to them. 

Selection of the artificial-grass habitat by bairdi and of the 
tree-trunk habitat by gracilis was successfully made in darkness 
both by normal mice and by mice from which the vibrissae had 
been removed. These results indicate that for its habitat selection 
Peromyscus is independent both of sight and of the tactile sense 
mediated through the vibrissae. 

Laboratory-bred Peromyscus which had had no previous ex- 
perience either with natural habitats or with artificial habitats 
simulating natural ones were tested in some of the experiments. 
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Each subspecies exhibited a preference for the type of habitat 
which it normally inhabited in nature. It may be concluded, there- 
fore, that habitat selection by Peromyscus is basically genetic in 
nature. The trait of selection for the artificial-grass habitat is, 

to some extent, dominant in heredity over the trait of selection 
for the tree -trunk habitat. This is demonstrated by the preference 
of F, bairdi x gracilis hybrids for the artificial-grass habitat over 
the tree-trunk habitat. The preference was statistically signifi- 
cant in all 4 measurements of habitat selection. 


LITERATURE CITED 


BLAIR, W. FRANK 


1940 A study of prairie deer-mouse populations in southern Michigan. Amer. 
Midl. Nat., 24: 273-305. 


1942 Size of home range and notes on the life history of the woodland deer - 
mouse and eastern chipmunk in northern Michigan. Journ. Mammal- 
ogy, 23: 27-36. 


1943 Activities of the Chihuahua deer-mouse in relation to light intensity. 
Journ. Wildlife Management, 7: 92-97. 
CHENOWETH, HOMER E., 
1917 The reactions of certain moist forest mammals to air conditions and 
its bearing on problems of mammalian distribution. Biol. Bull., 32: 
183-201. 
COCHRAN, WILLIAM G., and GERTRUDE M. COX 


1950 Experimental designs. New York: John Wiley and Sons. Pp. ix+454. 


COGSHALL, ANNETTA STOW 
1928 Food habits of deer mice of the genus Peromyscus in captivity. Journ. 
Mammalogy, 9: 217-21. 
DICE, LEE R. 


1922 Some factors affecting the distribution of the prairie vole, forest deer 
mouse, and prairie deer mouse. Ecology, 3: 29-47. 


1925 The mammals of Marion Island, Grand Traverse County, Michigan. 
Occ. Papers Mus. Zool. Univ. Mich., 160: 1-8. 


1929 A new laboratory cage for small mammals, with notes on methods of 
rearing Peromyscus. Journ. Mammalogy, 10: 116-24. 


1931a The occurrence of two subspecies of the same species in the same area 
Ibid. , 12: 210-13. 


1931b aio relation of mammalian distribution to vegetation types. Sci. Mo., 
3: 312-17. 


No. 56 HABITAT SELECTION 51 


1933 Fertility relationships between some of the species and subspecies of 
mice in the genus Peromyscus. Journ. Mammalogy, 14: 298-305. 


1945 Minimum intensities of illumination under which owls can find dead 
prey by sight. Amer. Nat., 79: 385-416. 


1947 Effectiveness of selection by owls of deer-mice (Peromyscus manicu- 
latus) which contrast in color with their background. Contrib. Lab. 
Vert. Biol. Univ. Mich., 34: 1-20. 
DICE, LEE R., and SHERMAN A. HOSLETT 
1950 Variation in the spontaneous activity of Peromyscus, as shown by re- 
cording wheels. Contrib. Lab. Vert. Biol. Univ. Mich., 47: 1-18. 
DICE, LEE R., and H. B. SHERMAN 
1922 Notes on the mammals of Gogebic and Ontonagon counties, Michigan, 
1920. Occ. Papers Mus. Zool. Univ. Mich., 109: 1-47. 
ELTON, CHARLES 
1927 Animal ecology. London: Sidgwick and Jackson. Pp. xxi + 207. 
1930 Animal ecology and evolution. Oxford: Clarendon Press. Pp. 96. 


EVANS, F. C., and R. HOLDENRIED 


1943 Double captures of small rodents in California. Journ. Mammalogy, 
24: 401. 


GOULDEN, C. H. 


1939 Methods of statistical analysis. New York: John Wiley and Sons. 
Pp. vii + 277. 


GRINNELL, JOSEPH 


1917 Field tests of theories concerning distributional control. Amer. Nat., 
51: 115-28. 


HARDY, ROSS 


1945 The influence of types of soil upon the local distribution of some mam- 
mals in southwestern Utah. Ecol. Monog., 15: 71-108. 


HARRIS, VAN T. 


1950 An experimental study of habitat selection by the deermouse, Peromys- 
cus maniculatus. Publ. No. 1693. Ann Arbor: Univ. Microfilms. 
170 pp. (Ph.D. thesis.) 


HOOPER, EMMET T. 
1942 An effect on the Peromyscus maniculatus rassenkreis of land utiliza- 
tion in Michigan. Journ. Mammalogy, 23: 193-96. 
HORNER, ELIZABETH B. 


1948 Arboreal adaptation of Peromyscus, with special,reference to the use of 
the tail. Publ. No. 951. Ann Arbor: Univ. Microfilms. 182 pp. 
(Ph.D. thesis.) 


52 VAN T. HARRIS C.L.V.B 


HOWARD, WALTER E. 
1949 Dispersal, amount of inbreeding, and longevity ina local population of 
prairie deermice on the George Reserve, southern Michigan. 
Contrib. Lab. Vert. Biol, Univ. Mich., 43: 1-50. 
JOHNSON, M. S. 
1926 Activity and distribution of certain wild mice in relation to biotic com- 
munities. Journ. Mammalogy, 7: 245-77. 
KALABUKHOV\, N. I. 


1938 On ecological character of closely related species of rodents. 1. The 
peculiarities of the reaction of wood-mice (Apodemus sylvaticus L. 
and A. flavicollis Melch.) and ground-squirrels (Citellus pygmaeus 
Pall. and C. suslicus Gueld.) to the intensity of illumination. Zool. 
Zhurn., 17: 521-32, (In Russian, with English summary. ) 

LACK, DAVID 


1933 Habitat selection in birds with special reference to the effects of affor- 
estation on the Breckland avifauna. Journ. Animal Ecol., 2: 239-62. 


1940 Habitat selection and speciation in birds. Brit. Birds, 34: 80-84. 


MILLER, A. H. 


1942 Habitat selection among higher vertebrates and its relation to intra- 
specific variation. Amer. Nat., 76: 25-35. 


MOODY, P. A. 


1929 Brightness vision in the deer-mouse, Peromyscus maniculatus gracilis. 
Journ. Exper. Zool., 52: 367-405. 


NICHOLSON, ARNOLD J. 


1941 The homes and social habits of the wood-mouse (Peromyscus leucopus 
noveboracensis) in southern Michigan. Amer. Midl. Nat., 25: 196- 
223. 


OSGOOD, WILFRED H. 


1909 Revision of the mice of the American genus Peromyscus. U. S. Dept. 
Agric., N. Amer. Fauna, 28: 1-285. 


RICHTER, C. P., andG, H. WANG 


1926 New apparatus for measuring the spontaneous motility of animals. 
Journ, Lab. and Clin. Med. 12: 289-92. 


SHELFORD, V. E. 
1911 Physiological animal geography. Journ. Morphol., 22: 551-618. 


SMITH, JAMES G., and ACHESON J. DUNCAN 


1945 Sampling statistics and applications. 1st. ed.; New York: McGraw- 
Hill Book Co. Pp. xii + 498. 


No. 56 HABITAT SELECTION 53 


Smithsonian Institution 


1918 Smithsonian meteorological tables. 4th rev. ed. Smithsonian Misc. Coll., 
69 (1): i-lxxii, 1-261. 


SUMNER, F. B. 


1932 Genetic, distributional, and evolutionary studies of the subspecies of 
deer mice (Peromyscus). Biblio. Genetica 9: 1-106. 


THORPE, W. H. 


1945 The evolutionary significance of habitat selection. Journ. Animal Ecol., 
14: 67-70. 


WOOD, FRANK E. 


1910 A study of the mammals of Champaign County, Illinois. Bull. Ill. State 
Lab. Nat. Hist., 8: 501-613. 


Copies of this contribution may be purchased from the University of Michigan 
Press, Ann Arbor, Michigan. Price, $0.75. 


PLATE I 


Fic. 1. The artificial tree-trunk habitat in a compartment of the reaction room. In the foreground is 
he partition which separates the tree-trunk compartment from the artificial-grass compartment. The run- 


ay across this partition, together with part of the recording apparatus, is in the middle foreground. 


s habitat in a compartment of the reaction room. The activity wheel is 


Fic. 2. Part of the artificial-gras 
k in the center background. 


in the left background and the water tube and rac 


PLATE II 


The artificial jungle habitat. 


Fics 17 


Left to right: tree trunk, food dish, water tube and rack, nee 


Fic. 2. An experimental compartment. 


box, and tree trunk. 


